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GEOLOGIE EN MIINBOUW 


LITHOLOGICAL SEQUENCES IN MARINE SERIES 


AUGUSTIN LOMBARD! 


SUMMARY 


The classical method of studying marine series is 
to describe their lithofacies and fauna and then to 
subdivide and classify them. This leads to the es- 
tablishment of the necessary correlations and the 
determination of the origins of formation. 

Another method, and one which improves the 
above classical procedure, is to compare the litho- 
terms and to establish the variation of elements 
from one formation to the next for the lithofacies 
as a whole or for certain parts of the same. 

This comparative analysis of lithofacies reveals 
that in many marine environments certain associat- 
ions of lithological terms are to be found which 
cover the entire range of sediments of all ages. They 
are termed the lithological sequences, and vary as 
regards composition, biofacies, dimensions, number 
of members, scale and origin. The larger-scale se- 
quences are the product of tectonics, gravity and 
morphology, whereas the smaller ones, often rhyth- 
mic, are the result of minor or accidental factors, 
such as climate, biochemical of chemical agents, tidal 
currents, moving waters, gravity slides. 

The starting point for a comparative analysis of 
the lithofacies is the establishment of a very precise 
graphical lithological section in conjunction with a 
macroscopic description. This analysis leads to se- 
quence research and then to synthesis, but it is by no 
means exhaustive. It enables obtaining a synthetic 
view of the history of the sedimentary medium, 
without however excluding other customary metho- 
des of investigation which are necessary for comple- 
teness sake. 

The results obtained by such an analytical method 
will yield a more detailed picture of sedimentary 
series and will also enable an integration of certain 
elements as regards their evolution. Correlations by 
means of lithological sequence research are very ef- 
fective. The evolution of the sedimentary basin be- 
comes then much clearer for the simple reason that 
certain factors are more apparent owing to their 
variation than because of their static characteristics. 
This type of analysis of course is not suitable for 
series which are not sequential. 


1 Institut de Geologie, Universite de Gene£ve. 


INTRODUCTION 


In the classical method of studying marine 
series, an analysis is made of the natural series, 
and the lithofacies and fauna are examinced. 
We may assume here that the reader is quite 
familiar with the technique of the method and 
we shall not therefore describe the precautions 
necessary for the compilation of a complete 
section from separate local sections, dispersed 
over a tectonized area. 

A layer-by-layer analysis is the basis for any 
of these surveys. The section having been set 
up, the lithofacies are grouped according to 
formation and the subdivisions between each is 
being traced. The relationship between one sur- 
face or subsurface layer and the next one is then 
established. The fauna is treated in a similar 
manner in order to determine chronological 
landmarks and ecological data. 

For the reconstitution of the original environ- 
ments, all lithostratigraphic and biostratigraphic 
characteristics of the formations are utilized, but 
by doing so, a choice is being made from the 
most typical sections. Their horizontal spreading 
is also taken into consideration, and the sedi- 
mentary landscapes, together with their prin- 
cipal and most salient features, as also their 
expansion and the extent of their duration, come 
thus into evidence. 


An interpretation of the data presents mani- 
fold difficulties, arising from the lack of genetic- 
al data and from the anonimity of certain facies, 
as also from too long intervals having been 
taken between sections or from still other factors 
all of which render a synthesis less valid. We 
are thus forced to retain only those facies which 
are characteristic either on account of their 
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associations or of their genetical interpretations. 
It is evident, however, that the natural series 
have not been fully exploited, in paricular wih 
respec to more systematic and detailed obser- 
vations, actualistic concepts and the formation 
of hypotheses derived from physical, chemical 
and biochemical phenomena. 

The science of sedimentology was born out of 
this need to re-examine these problems from all 
possible angles. The field for study is tremen- 
dous and it constitutes an entirely new chapter 
of geology. There are great possibilities provided 
that a broad viewpoint is maintained and pro- 
vided that not too much recourse is made to 
specialized formulae. 


Defrif, » calcaires 


A well-conducted macroscopic description 
offers a wealth of data, as we shall describe 
later. It should, however, be supplemented by 
other data, as obtained by microscopy, petrology, 
paleontology, stratonomy and various other ele- 
ments. Whenever possible a semiquantitative 
calculation or estimate should be made and the 
results thereof plotted as curves or in diagrams. 

An accurate macroscopic analysis of numerous 
sections of sedimentary series derived from 
various marine environments has revealed that 
those lithoterms which succeed each other in a 
series merge one with the other. In many cases 
they pass from one into the other, without a 
definite separation or the separations are very 
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Fig. 1 — Helvetic nappe of Morcles and its main sequences. 


THE EVOLUTION OF FACIES 


This account endeavours to interpret the ana- 
Iysis of sedimentary series in a way differing 
from the classical one with the object to show 
to what primary conclusions it leads. The 
initional work for getting the observations is 
conducted in a normal manner: a very detailed 
and thorough stratigraphic survey is carried out 
layer by layer on a macroscopic scale (cm to m), 
and thus a basic “lithelogical section” is ob- 
tained. When the series is incomplete, very 
thick, or monotonous, then partial surveys, called 
“auscultation”, are carried out. 


small (diastems, internal disconformities). In a 
monotonous series it often occurs that from one 
layer to the next or from one formation to the 
next, only one sedimentary element is varying, 
all the others remaining constant. This one 
element can therefore be traced alone through 
its vertical changes, while the remainder remains 
constant. Such is the case, for instance for clastic 
quartz in a sandy, calcareous environment. 


LITHOLOGICAL SEQUENCES 
We thus come to the conclusion that a marine 
series is made up of a succession of lithoterms 


between which a certain relationship exists. Such 
a series can be studies and interpreted as a 
sequence of evolving lithoterms which reveal 
the evolution of the original sedimentary me- 
dium (fig. 1). 

In the course of lithological surveys of natural 
sections, it has become apparant that of numer- 
ous series, certain lithoterms, observed at various 
scales of magnitude, indeed follow each other 
and form an association. Certain of these suc- 
cessive associations have been recognized long 
since owing to their recurrent nature (varves, 
cyclothems); others are much less clearly devel- 
oped. Such a natural, continuous sequence of 
several lithological elements is called a litho- 
logical sequence. 

Certain series have a clearly sequentialcharacter, 
whereas others are not sequential (fig. 2). 
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outcrop, forming series wherein graded-bedding 
lithotopes succeed each other or where they 
form sequences of sandstone-shale-clay, clay- 
marl-limestone, marly limestone - massive lime- 
stone - oolitic limestone,  calcilutite-dolomitic 
limestone, etc. These sequences are at the scale 
of the formation, of the member or sub-stage 
(lie): 

(c) megasequences, which are on a very large 
scale, ranging from a decametre to the hecto- 
metre. They pass from one outcrop to the next, 
covering a vast area and filling an entire basin. 
They are sequences of stages or systems. 

It is probable that each scale of magnitude 
has its specific causative mechanism, but we 
shall revert to this problem later on. A series 
may have sequences of the same scale of magni- 
tude or it may be composed of sequences of 
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Fig. 2 — Section in the Middle and Upper Cretaceous, Wissant and Cap Gris-Nez. After Lombard, 1956. 
Rhythmic sequences of shales, nodular limestone and chalky limestone. 


These sequences may be considered from 
different aspects, and must therefore be classi- 
fied according to the following criteria: 

1. Order of magnitude. 

There are three main sequence scales: 
(a) microsequences, ranging from a milli- 
metre to a centimetre. They are to be found in 
the varves, in detrital, clayey, carbonated or 
saline zones, and in cross-bedding laminae. They 
are rhythmic. 
(b) macrosequences, ranging from a centi- 
metre to a metre. They are observable in a single 


superimposed scales. There also exist series of 
thick sequences, which on a smaller scale are 
nonequential. 

2. Lithological component. 

Here again, lithotope vary very much from 
one sedimentary medium to another, or from 
one section of a series to another. Mention has 
already been made or graded-bedding sequences, 
all the terms of which are detrital. Others are 
composed of mixtures of detrital-colloidal terms, 
and still others of colloidal-clay-limestone or 
detrital carbonates, accompanied by a progressive 
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decrease in grain size, showing a dispersion and 
eventual a predominance of the limestone. In a 
calcareous medium the sequences are composed 
of successive and changing textures. 

As mentioned above, within a given calcareous 
series, there may be only one variable element, 
the matrix itself remaining constant. The variable 
element may be: fauna, micro-fauna, heavy 
minerals, quartz or glauconite proportion, the 
CaCos, of Fe and Si percentage, dimension of 
the oolites, thickness of the layers, or various 
logs. This is a marginal case of sequential variat- 
ion, based upon a partial criterion. It is called a 
partial sequence, as the normal sequential cha- 
racteristics include the entire lithofacies. 

3. Number of lithological terms of the sequence. 

This number varies considerably according to 
the sedimentary medium involved and the scale 
of magnitude. It can be reduced to two terms, 
a and b (a = sandstone, b = shale). Some- 
times there are three terms, a, b, and c (a = 
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shale, b = halite, c = sylvinite). Sequences of 
six or seven terms are to be found among the 
very complete North American cyclothems. 

4. Thicknesses. 

The tickness of a sequence has already been 
defined by its scale of magnitude. However, 
within a sequence, the various terms, a, b and c, 
have different thicknesses which vary not only 
from one sequence to the next, vertically, but 
also horizontally in one and the same sequence. 
Certain terms thicken to the detriment of others, 
other terms tend to disappear altogether (fig. 4). 
The is is very important with respect to lateral 
connections. The lithological terms vary but the 
sequence itself persists over a long distance. 
5. Order of terms; sequences and cycles. 

Let us take a ternary sequence, a, b and c. 
The top of c is the basal plane for the next 
sequence and is marked by a surface of non- 
deposition or by some irregularity in the strati- 
fication. This is not a cyclic, but a so-called 
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Fig. 4 — Major sequences in Lias formations of the Ubaye (France). Each sequence is made up of shales, 


marls and limestones. 


positive sequence. There would be a cycle only 
in case that the order of the terms were a-b-c-b-a 
and not a-b-c/a-b-c. The term cycle is thus 
testricted to the genetical process of a sedi- 
mentary series, extending from transgression to 
regression. Cyclic sequences of the a-b-c-b-a 
type are rare but may occur among the cyclr- 
thems. 


VIRTUAL SERIES 


One characteristic common to all lithological 
sequences hitherto dealt with, is the order in 
which the terms tend to succeed each other, 
above all at macroscopic and megascopic scales. 


This order is as follows: coarse detritus — fine 
detritus — aleurites — argilites — limestones — 
dolomitic limestones — evaporites. In each of 


these classes the sequences tend to have a similar 
succession. This succession has been termed a 
general virtual series (fig. 5). In a given region, 
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mentation, such as for instance platform areas 
or open basins which are tectonically little 
active, it is even possible to forecast the position 
of the lithotopes. Such sedimentary minerals as 
phosphates, iron and possibly copper, which we 
call here metagenetics, participate in this arran- 
gement, occurring among aleurites, after the 
detrital phases and before the limestones. 


SEQUENTIAL ANALYSIS 


Numerous sedimentary series have been sub- 
mitted to sequential analysis. This permits a 
grouping of the lithofacies. It also reveals their 
evolution and relationships, thus enabling the 
identification of the various types of sedimentat- 
ion. Although the results obtained are not 
always quite exact, nevertheless they are often 
more precise than those obtained by the classic- 
al method. It is possible to establish along a 
given vertical section very fine subdivisions and 
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the natural series is represented by only one 
part of the general series, called a local virtual 
series. This order is not absolute, nor is it always 
clearly marked in all series. However, there is 
a tendency for lithotopes to arrange themselves 
thus under normal conditions of sedimentation. 

This arrangement of lithological terms in 
accordance with a virtual sequence is important, 
since it permits making a logical survey of a 
sedimentary region. In regions of normal sedi- 


groups of sequences, according to lithological 
type and succession. Thus, a sedimentary style 
can be noted, which can be expressed by a 
lithological curve, which, however, will not be 
readily to the style of sedimentation and its 
dealt with here. 

From the sedimentary style one can pass 
readily to the style of sedimentation and its 
causes. This is, after all, the ultimate goal of 
these operations. 


190 
SEQUENCES AND ORGANISMS 


It is obvious that the analysis of the series 
according ww the sequences method must be 
amended by the analysis of the faunas and the 
floras, also from the comparative point of view 


In most cases such an analysis leads to a better 


knowledge of the genetic conditions of sedi- 
mentation, though it has been often neglected 
or simply left aside. The methods of approach 
are very different from those used in normal 
sedimentology. 

Evolution of the organisms in series’ must be 
studied on the basis of a complete collection of 
fossils and micro-fossils in each formation and 
each bed. Difficulties arise in poorly fossili- 
ferous beds or in quickly changing horizons. 

Some series have been well explored in this 
sense, as for instance the coal-bearing formations 
of the Pennsylvanian of North America, or the 
rhythmic series of the Carboniferous in Europe. 
Phases of marine, brackish or fresh-water depo- 
sits have been identified, improving the notions 
of transgression and regression as given by the 
sediments. 

Many other examples could be cited, partic- 
ularly among rhythmic series in Scania (G. 
Troedsson, 1951) with  continental-brackish 
phases, in Lorraine, in Flysch, molassic or other 
detrital series. 

The Upper Cretaceous series along the Atlan- 
tic coast of the Belgian Congo have shown that 
some fossils are bound to the sequences and 
others are independents and follow their own 
evolution (Lombard and Pierard, 1957). 


ORIGIN OF SEQUENCES 


Up to this point, the evolution of the facies 
and the investigation of the lithological sequen- 
ces have been intentionally treated on a purely 
descriptive level. The actual formation of these 
successions has not been dealt with as expla- 
nations offered might be too hasty and in- 
complete. 

The complexity of the sequences is obviously 
due to the fact that several factors have operated 
in the course of sedimentation. These factors 
have been effective over long or short periods 


and have in their influence been slow or fast, 
permanent or merely temporary, active or pas- 
sive, single or repetitious. Thus there is variation 
in intensity and in duration. They have acted 
upon the source area and upon the 
transportation and settling of the sediment. 
Their action is dissimilar on different litho- 
logical groups. 

The occurrence of sequences is quite in- 
dependent of the phenomenon of stratification 
with which it can sometimes coincide. 

Sometimes, as during the Mesozoic era, the 
limits of macroscopic sequences may coincide 
with faunal changes. Taking these various ele- 
ments into consideration, it is probable that the 
higher degree megasequences (Germanic Trias, 
Helvetic Jurassic, Belgian Devonian) are due 
to permanent and dominant factors which may 
be tectonic or physicochemical (decantation of 
detritus and clays, with a liberation of carbo- 
nates). Other factors are gravity and slow 
transport-settling. 

In the Devonian of Namur, each macrose- 
quence corresponds to a stratum or stage and 
its vertical extension coincides with transgres- 
sions or regressions on the Brabant Massive. 

Climatic influences are accidental and act only 
indirectly, except near a coastline where, owing 
to the presence of a continent, the effects are 
more marked. 

Medium and lesser scale sequences result from 
accidental causes, locally or temporarily marked, 
often rhythmic such as current transportation, 
turbidity currents, tides, etc. 

In numerous cases, but most particularly in 
microsequences that are rhythmic, it is possible 
to determine the precise origin. 

Investigations carried out up to the present 
nevertheless indicate that the oscillations of the 
lithofacies are more pronounced than those of 
the fauna. Sequence comparison on a chrono- 
logical level is therefore difficult. 

The conclusion is that a comparative analysis 
of lithofacies is a good means of studying the 
evolution of the marine series, of subdividing and 
comparing them; it must nevertheless be under- 
taken very objectively on the basis of a firm 
stratigraphic study and with a sound criticism. 
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TRANSPORT AND SOURCES OF MARINE SEDIMENTS 
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INTRODUCTION 

The mechanisms by which sedimentary parti- 
cles can be transported in marine environments 
are only vaguely realized by many geologists. As 
a result there is a tendency, when dealing with 
a given sedimentary rock in nature, to avoid 
committing oneself to any statements as to how 
the particles were brought along. The possible 
sources are also often left undiscussed. However, 
it is obvious that these questions must be an- 
swered if a satisfactory explanation of the origin 
and distribution of a sediment is to be given. 

Actually, the number of possible kinds of 
transport is limited, and in most cases some of 
these can be directly excluded. Observations on 
sedimentary structures can usually help to limit 
the range still further. 

In the accompanying table I an attempt is 
made to list the various mechanisms in the ma- 
rine environment which are responsible for 
bringing sedimentary matter to the spot where 
it accumulates. In table II sources of sedimentary 
matter are listed, and figure 1 shows diagram- 
matically the possible sources for a deep geo- 
synclinal basin. The writer hopes that this 
compilation of possibilities may help strati- 
graphers to find and assess evidence for the 
sedimentary rocks they are dealing with. 

Possibly the writer has overlooked known 
items that should go into the tables, or jt may 
be that there are still unsuspected mechanisms 
of transport awaiting to be spotted, like the re- 
cent discovery of turbidity flow. Any improve- 
ment of the tables will much enhance their 


usefulness. 


1 Geologisch Instituut, Groningen. 

The author thankfully acknowledges helpful criticisms 
by J. Brouwer, D. J. Doeglas, and R. F. C. R. 
Gheyselinck. 


TRANSPORT 

Mechanisms of transport can be grouped in 
various ways. The classification followed in 
table I is thought to be the most convenient one 
for general use. A few running comments will 
be given. ? 

A. Withoni movement of the sea water 

Under the first heading are listed the me- 
chanisms of transport in which movement of 
the sea water is of no significance. Dropped 
from the air means that transport took place 
outside the marine environment, whereas in the 
water only vertical settling played a part. The 
maximum size transported is medium sand, 
except quite close to the shore. Usually only fine 
sand, silt, and clay sizes travel in this manner. 
Eolian grains tend to occur as ar admixture to 
other material, but volcanic matter can be 
entirely dominant. 

Surface spreading results from river water 
spreading out over sea water and thereby car- 
tying its load of fine suspended mud out into 
the sea. Flotation allows the wind or insignifi- 
cantly slow circulation of the surface water to 
carry particles away even if vertical turbulence is 
insufficient to keep sinking material in suspen- 
sion. Besides pumice, denser grains can float if 
their surface resists wetting. Whether grains of 
sand can pass beyond the in-shore environment 
by flotation is uncertain. The suggestion offered 
by Bourcart that attached bubbles can keep 
grains suspended in intermediate depths is open 
to doubt. 

Rafting by ice or organisms is quantitatively 
insignificant under normal conditions. There is 


2 A bibliography for this paper would have to be of 
excessive length. Readers are therefore referred to 
treatises on sedimentology, oceanography or marine 


geology. 
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TABLE SE TRANSPORT 
A. Without movement of the sea water 


I Dropped from atmosphere 

II Surface spreading: a, fresh on salt water; b, 
flotation (pumice and greasy grains; by air 
bubbles?) 

III Rafting: a, ice; b, organisms 

IV Skeletal material: planktonic, benthonic, nek- 
tonic 

V Sliding and squeezing 


B. Ocean currents 


I Tidal currents, in shallow water and straits 

II Seiches, due to swinging water maässes (non- 
tidal) 

III Wind-driven curtents: a, along surface, variable 
direction and strength; b, deep reaching, con- 
stant direction and strength 

IV Jet currents, due to differences in level 

V Density currents: a, due to differences in tem- 
perature; b, due to differences in salinity (a.o. 
estuarine circulation) 

VI Turbidity currents, due to suspended sediment 


C. Wave action 


I Wind waves and swell, with undertow and rip 
currents: a, perpendicular to beach; b, oblique 
to beach; c, combined with currents 

II Tsunamis, in shallow water 

III Internal waves, at breaks in slope 


no size limit to ice rafting, but there is a cli- 
matic limit. Tree stumps can carry boulders and 
large attached seeweeds can tear up and carry 
away cobbles. 

Skeletal material of planktonic organisms, 
carried during life in slow currents, is dropped 
from above; that of nekton is taken wherever 
the animal goes, irrespective of currents, and 
many benthonic animals also move about before 
death causes the skeletal remains to be deposited. 
Planktonic shells can form beds to the exclusion 
of all other materials, bioherms and biostromes 
also occur as pure limestones of smaller or grea- 
ter extent. 

The slope required for slidıng (—= slumping) 
depends on the materials, especially the nature 
and compaction of clays, the thickness, rate of 
accumulation and the seismicity of the area. Da- 
ta on recent slides are still very scarce 

All variations occur between: (1) slow creep 
over a small distance in consequence of com- 
paction of clay, (2) slight slip of one or more 
beds producing wavey to folded structures, (3) 
slides in which the materials are much contorted 
or even balled up. At first sight the movement 
appears to be considerable, but this may be more 
apparent than real. For the distortion can be 
largely due to loadcasting, (4) slumps of the 
mud-flow type in which the distance of move- 
ment is substantial and the materials become 
intimately mixed so that the original structures 


are destroyed. It is unlikely that slow creep 
over large distances can take place on the sea 
floor, because the actions causing creep on land 
(frost, weathering, rain wash, burrowing by ani- 
mals and roots), are absent or slight on the sea 
floor. 

A separate kind of post-depositional move- 
ment is by squeezing, as in the forming of mud 
lumps and sedimentary dykes. 


B. Ocean currents 

Under the second heading of ocean currents 
the transporting mechanisms are listed in which 
a large mass of sea water is displaced more or 
less uniformly including oscillating to and fro. 
This contrasts with wave action, in which only a 
small part of the affected water moves con- 
jointly. 

In deep, open water and in basins that are 
almost closed off from the oceans tidal currents 
are too slow to carry sediment, but in shallow 
water or in constricted straits the velocity may 
be sufficient to displace even gravel. 


Seiches are oscillatory movements in which 
a body of water acquires a swinging motion. 
Various kinds of surges, sudden variations in 
barometric pressure, and winds may induce 
seiches. The same mechanism plays an important 
part in estuarine tidal currents of abnormal 
range. 


Wind sweeping over the sea carries the sur- 
face waters along with it and sets up a current. 
The longer the wind continues to blow from the 
same direction the thicker the mass of water 
that is dragged along. Hence, changeful winds 
can cause only shallow currents which are va- 
riable in direction, whereas constant winds 
(monsoons, westerlies, trades) ultimately set in 
motion a deep-reaching current of fixed di- 
rection and speed that may attain several 
hundreds of meters in depth. 

The main cause of jet-currents is the local 
raising of sea level by wind-driven currents. The 
delevelling may result either in undertow in the 
opposite direction or in a jet current escaping 
elsewhere. Surges due to violent storms may 
attain velocities of one or two meters per second 
and in restricted channels they can reach to 
depths of several dozens of meters. Excess evap- 
oration can also depress the level of inland seas 
(Mediterranean) and excess run-off raise it 


(Black Sea). Thus jet currents can also be 
induced. 


Density currenis ate the most active agents 
of oceanic circulation, especially below the sur- 
face. Their significance in ventilating the deep 


sea, in influencing the climates, and in reducing 
all manner of extremes cannot be overestimated. 
However, they tend to be too weak to carry 
anything but colloidal sedimentary matter. In 
straits, such as the entrances to mediterranean 
seas they can locally become more powerful. 

A special type of salinity current is called 
"estuarine circulation”. The fresh water running 
out at the surface produces a transitional 
brackish zone of mixed water at its base, that 
is also dragged out seawards. As a result, salt 
water is drawn in to make good this loss. The 
resulting under-current is capable of pulling ma- 
rine organisms far up-current from the river 
mouth. The river clay flocculates in the brackish 
water and tends to settle out. In some cases 
(Orinoco at Pedernales), it reaches the bottom 
but is removed again at low river stages, as this 
happens to be the period of high winds. In other 
cases the flocculated mud is gradually concen- 
trated in the estuary (Gironde). It has been 
shown by Postma (personal communication) that 
in the Eems estuary the flocculated mud of the 
Eems river forms a dense cloud in a restricted 
area because the under-current does not allow 
it to settle. It is carried back in and then drifts 
out again until caught anew by the under-current. 

There are two extremes in estuarine con- 
ditions. In one there are powerful tidal currents 
which dominate over other movements and pro- 
duce a large body of mixed water. In the op- 
posite case, when tides are lacking, pure estuarine 
circulation develops. 


Turbidity currents ate presumably started by 
slides, for instance on delta fronts, or on slopes 
subject to overloading or earthquakes. Under 
exceptional conditions (lowered glacial sea level) 
wind-raised mud or rivers overcharged with 
suspended sediment can presumably also act as 
triggers. The maximum grain size carried in 
suspension appears to be 10 centimetres, but on 
a hard bottom (submarine canyon floor) much 
larger boulders can probably be rolled along. 
Distance of transport in the oceans can appar- 
ently attain many hundreds of kilometers. There 
is no good evidence of their action in water of 
less than bathyal depth (<{200 m). 

Turbidity currents are related to density cur- 
rents, but their origin and nature is so entirely 
different to that of all other types of current, 
that it is well warranted to place them in a class 
apart. They are the only currents that do not 
derive their motive force from the sun (radiation 
and gravitative force) but, like sliding, from 
static energy of sediment. Like tsunamis they 
derive their energy from internal forces of the 
earth. Hence, climate has very little to do with 
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their development, whereas it is all-important 
for ocean currents. The spasmodic nature of 
turbidity currents, their ability to break through 
the density stratification of the ocean waters, 
their high velocity and enormous cartying power, 
their tendency to reduce surface relief, (except 
on the continental slope) and their close link 
with bottom slope, are in fundamental contrast 
with the action of normal ocean currents. 


C. Wave action 

Under the third heading three types of oscil- 
latory currents are listed, together with some 
secondary derived movements. 


Wind waves, and to a smaller extent swell, 
result with each wave in a slight displacement 
of water in their direction of propagation, and 
they therefore cause some piling up of water 
where they run on a beach. This surplus is re- 
turned partly as undertow, an important though 
not very powerful current. Under certain con- 
ditions rip-currents at the surface are more in 
evidence and with oblique waves a current is 
generated in the down-wind direction along the 
beach. 

The displacement of particles by waves that 
do not break is in itself not very important, 
except as a cause of ripple mark. However, the 
movement of water in the direction of propa- 
gation is slightly swifter and hence more com- 
petent. The net result is that particles are dis- 
placed, although very slowly. The significance is 
greatiy enhanced when waves combine with 
slight currents that would not be able to carry 
sediment by themselves. Such currents can then 
exert their influence irrespective of the direction 
in which the waves are running, provided the 
latter stir the bottom. 

Waves develop their maximum carrying 
power after breaking. When they run perpendic- 
ular to the beach there may be a yearly cycle of 
shifting in and out. Obliquely running breakers 
cause beach drifting. For beach drifting there 
are no size limits, but its effect is most obvious 
in the case of pebbles and cobbles. A gradual 
down-wind decrease in roundness of sand grains 
has been observed along beaches and this is ex- 
plained by more effective drifting of angular 
particles. This sorting thus testifies that sand 
sizes also undergo beach drifting. 

Apart from the unusual longitudinal current 
ripples, all current ripples are asymmetrical and 
their internal lamination slopes down-current. 
Wave ripple mark is symmetrical, in theory, but 
in practice there are countless exceptions. In 
many cases an additional current distorts wave 
ripples. The ripples due to breakers are actually 


194 
TABLE II — SOURCES 


A. Atmosphere 
I Eolian load 


II Volcanic 
III Cosmic 


B. Terrestrial 


I  Volcanoes (also submarine) 

II Glaciers (debouching in sea) and ice floes 
III Rivers 

IV Coastal abrasion 

V Crumbling of topographic highs 


derived from land 


Sea water 

I Evaporation and precipitation (clay?) 

II Organisms, skeletal (silica and lime), organic 
matter 

III Clay (originally derived from land) 


D. Sea floor 


I Authigenic, crystals and concretions 

II Erosion by currents and waves 

III Resedimentation ("cannibalism”) a, sliding (= 
slumping); b, turbidity currents 


of the current type and therefore asymmetrical. 
Hence, symmetrical ripples can be attributed to 
waves, but asymmetry does not disprove that 
waves were the chief cause. 


Tsunamic waves (= "tidal waves”) can have 
catastrophic results on low-land coasts. It appears 
they do not reach very deep and in bathyal 
depths they have no significance. At breaks in 
slope, such as the outer edge of the continental 
shelf and the edges of guyots there is abundant 
proof of winnowing action. In the former case 
long swell, internal waves, and tidal currents can 
be invoked, perhaps in combination. For deep- 
lying platforms the only known mechanism that 
can be held responsible is that of internal waves, 
but quantitative estimates indicate that the com- 
petency is much too low to move sand (personal 
communication Prof. Dr. P. Groen). 


SOURCES 


Again it is obvious that various classifications 
can be adopted and that whatever system is 
chosen, some items are not easily fitted in. More- 
over, most material can be traced beyond a 
source to some earlier depository in its history. 
There are also mixed sources like deltas in which 
fluviatile and marine elements are combined. 


Some comments can be offered on the table here 
presented. 


A, Atmosphere 

The atmosphere can be looked upon as a 
source of fine grained sedimentary matter, which 
can be either eolian dust or volcanic ash. A very 
insignificant admixture of cosmic matter can be 


added. 


B. Terrestrial 

Contributions from the land may be taken to 
include volcanic products that have not dropped 
from the air. For convenience submarine erup- 


. tions are included here, but they could also be 


placed under D. Glaciers reaching the sea and 
ice floes from rivers and from beaches can con- 
tribute directly to marine sediments. 


Rivers are by far the most copious source of 
sediment. Swinging sea level of the Ice Age has 
greatly influenced the nature and amount of 
fluviatile supply. At present only a moderate 
amount of fine sediment reaches the sea com- 
pared to pre-glacial and glacial times, because 
of the post-glacial rise of sea level. During low 
levels exceptional amounts and abnormally coarse 
grained material reached the sea. On the other 
hand the average level of the continents appears 
to have been gradually raised during the Ter- 
tiary and therefore also the supply. 


Coastal abrasion ot hard rock contributes very 
much less in amount than do rivers, but the 
material is coarser in grain. Coasts composed of 
unconsolidated deposits occupy an intermediate 
position in these respects. 


Crumbling of topographic hights is listed sepa- 
rately, as a more or less theoretical concept. It 
is supposed that tectonically active cliffs (faults 
and thrusts) above or below sea level can pro- 
duce landslides without the intervention of wave 
action. 

C. Sea water 

Sea water provides various materials by 
evaporation and precipitation, mainly lime, 
gypsum or anhydrite, and rock salt. The question 
whether clay can be formed from dissolved sub- 
stances is not yet answered. 


Organisms are the source of nearly all lime 
and amorphous silica in sediments. They also 
provide the organic matter. However, as marine 
organisms obtain practically all their raw ma- 
terials directly or indirectly from the sea water, 
they are listed under this heading. 


Clay-sized particles which have not been 
coagulated on entering the sea are carried along 
in the water for long periods and become dissem- 
inated throughout the oceans. This material is 
therefore best classified as part of the water 
because its original source is indeterminate. 


D. Sea floor 

The last source for marine sediments to be 
mentioned is the sea floor itself. Certain sedi- 
mentary particles are formed authigenically on 
the sea floor, Phosphate and manganese con- 


cretions, chert, glauconite, and various iron min- 
erals form on and in the bottom. 


Erosion of the sea floor by waves and cur- 
rents produces sediment. The most powerful 
action takes place in the breaker zone, but un- 
consolidated deposits can be scoured by currents 
down to depths of several dozens of meters. If 
the erosion products are not carried away the 
total amount of sediment produced can be only 
very small. Winnowing, by itself, is not enough 
to cause larger production because a cover of 
coarser material will soon come to protect the 
outcrops. To a certain extent this is what hap- 
pens in tidal channels cut down into Tertiary 
sediments in the estuaries and between the dune 
islands bordering the North Sea. 

The depth to which waves can erode a rock 
bottom is not known. Probably the action is not 
significant below a few dozen metres, even on 
open oceanic coasts, and a lower limit of 10 me- 
tres may hold in most conditions. Erosion of 
unconsolidated deposits can of course be ef- 
fective in somewhat greater depths. 

Special emphasis may be laid on the reacti- 
vation of deposited sediment by sliding (= 
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Fig. 1 — Diagram illustrating the supply of sediment to bathyal troughs in an orogenic belt. 
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siumping), in certain cases continued by turbi- 
dity flow. This is an extreme instance of the 
very common phenomenon that sediment is car- 
tried in a series of intermittent jumps, with 
shorter or longer periods ot stagnation between. 
Such repeated redeposition predominates very 
strongly over uninterrupted transport to the 
final site of burial. However, in the case of sub- 
marine sliding the sediment first reaches an ap- 
parently final point of accumulation. The mass 
starting to move again is abnormally large, it is 
partly of considerable antiquity and is set in 
motion more or less incidentally (one might 
almost say on "second thoughts”), for instance 
by an earthquake that has nothing to do with 
the process of sedimentation. Italian geologists 
use the term ”re-sedimentation” and Polish ge- 
ologists speak of "cannibalism” because sediment 
is fed on sediment. 


BATHYAL TROUGHS 


Generally speaking, the supply and movement 
of sedimentary matter in small depths does not 
offer theoretical problems. On the other hand 
data for any given formation may be hard to 
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obtain. The situation is different for units that 
were deposited in deeper water. The lower limit 
for effective wave action without currents can 
be set tentatively at 20—30 metres and varies 


with the degree of exposure to waves and swell. 


In combination with currents, stirring can reach 
much deeper. The outer edge of most continental 
shelves is non-depositional, and some shelves are 
swept clean over most of their surface. Locally, 
sedimentation on the ocean floor is effectively 
suppressed by currents even at depths of 1000 
metres. The distinction between shallow and 
deep water must therefore depend on local con- 
ditions. In a basin without currents the term 
shallow would mean less than a few dozen me- 
tres. In waters with strong currents deep would 
mean more than a couple of hundred metres. 
In a ”deep” basin the transportation of sediment 
is on the one hand less obviously explicable, but 
on the other hand for a given bathyal formation 
much more data may be available than is usual 
for neritic rock units. 

In Fig. 1 an attempt is made to present a 
schematic picture of possible sources of sediment 
and mechanisms of transport for bathyal basins 
in a geosynclinal belt. Hence, this diagram is the 
result of the application of the tables to a special 
environment. 

The sources to be reckoned with are: extensive 
low Iying lands off which sediment is carried 
by rivers or by wind. In both these cases fine, 
weathered material should predominate. Land of 
high relief should tend to deliver coarser, chemi- 
cally less stable sediment, either by way of small 
streams and coastal erosion or through larger 


rivers with more localized points of supply. 
Steep, high ranges (— "cordilleras”), for in- 
stance in the shape of island arcs between oblong 
basins with or without volcanic contributions, 
may form plentiful sources. 

In a tropical climate chemical weathering is 
abnormally active, but cannot suppress all pro- 
duction of pebbles if the relief directly adjoining 
the coast is high. Presumably active overthrusts 
or fault scarps may result in the delivery of ex- 
ceptionally coarse block slides as a result of 
crumbling. 

To these terrestrial sources must be added 
marine sources. These are formed by neritic or 
pelagic organisms, rafted material, inorganic 
matter washed in from adjacent neritic areas. Sed- 
iment reactivated by sliding (earthquakes, over- 
loading, tectonic tilting) results in cannibalistic 
feeding of sedimentation at deeper levels. 

Transportation can be effected by surface 
spreading, rafting, sliding, turbidity currents 
and coastal drifting. Before the possibility of 
turbidity currents had been realized, sand was 
considered a proof of small depth. In many 
fiysch-like deposits it occurs in beds without any 
vestiges of slump structures and alternating with 
shales containing indications of deep water 
(deep-water foraminifera, delicate lamination, 
exclusively planktonic micro-organisms, absence 
of reefs and all near-surface phenomena). This 
apparently conflicting evidence can be har- 
monized by attributing deep-water sands to 
supply from turbidity currents. Finally, sand can 
be transported by coastal drifting and then car- 
tried into deep water from a spit. 
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I. INTRODUCTION 


In this paper a brief summary will be given 
of the data that have come to the author's 
attention with regard to the character and 
origin of minor structures in recent terrigenous 
sediments, deposited in shallow marine environ- 
ment. With minor structures those features are 
meant which are visible in (preferably vertical) 
sections of eg. 2 x 3 inches. In general only 
those structures will be mentioned which appear 
to be of widespread occurrence and which may 
be expected in any fossil sediment that has been 
formed under similar conditions as those of the 
investigated environments of the present day. 
The restriction of this study to terrigenous sedi- 
ments implies that deposits which are essentially 
composed of carbonate material will be left out 


1 Geologisch Instituut, Groningen, Netherlands. 


of consideration. It will be noted that there 
seem to be as yet only very few areas where 
detailed observations on sedimentary structures 
and their distribution have been made. This 
aspect of geology has long been neglected and 
much work has still to be done before the origin 
and environmental significance of most of the 
structures or distributions of structures found in 
fossil sedimentary rocks can be fully understood. 

The amount of information which can be ob- 
tained about the structures of recent sediments 
depends on the manner in which the samples 
are collected and prepared for investigation. If 
core samples are used, it should be made sure 
that the sedimentary structures have not been 
disturbed during the coring process itself. Ex- 
perience shows e.g. that a piston coring apparatus 
often gives poor results when used in coarse 
sands, partly because the suction exerted by the 
piston tends to produce differential movements 
of the sand grains and the interstitial water. 

As to the manner of preparation of the 
samples, it appears that practically all structural 
properties in sediment cores can be made visible 
by applying one or more of the following 
methods. 

(1) Structures in moist or water-saturated 
sands which are marked by the distribution of 
finely divided, dark coloured iron sulphides, may 
be revealed by simply slicing through the core 
samples with the aid of a thin (1/3 mm) steel 
wire. 

(2) Small differences in texture of suc- 
cessive layers or laminae etc. can be made 
visible by making lacquer peels from dried core 
sections (obtained with the above mentioned 
thin steel wire) in the manner described by 
Voigt (1949)2. The method is based on the 
circumstance that the depth of penetration of 
the lacquer and hence the thickness of the peel 
varies with the permeability of the material, 
which in its turn depends on the texture. It 


2 The method used in the Koninklijke Shell Lab- 
oratory at Delft will be described by Kruit. 
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works best in sediments that are rich in sand 


and silt. 
(3) For more fine grained material one may 
make use of metal trays which are pressed into 


the sediment. The tray samples are partially dried . 


on a heating plate and then scraped clean with 
a razor blade or a sharp knife. The degree to 
which the samples must be dried depends on 
the composition of the sediment (less in sandy, 
more in clayey material). The method is des- 
cribed by van Straaten (19545). 

(4) The finest details of the structure can 
be examined in thin sections of artificially in- 
durated sediment samples. 

By not applying these, or other adequate 
preparation techniques some sedimentary struc- 
tures may easily escape observation. It may 
seem somewhat exaggerated to pay so much 
attention to structures which are hardly visible 
at all when the sediment is examined in a more 
direct way. However, it must be stressed that 
precisely such fine details of the structure may 
provide indispensable criteria for understanding 
the manner of formation of the sediments. More- 
over, one of the most important scopes of the 
study of primary sedimentary structures is its 
application to fossil rocks and it is a striking 
fact that many structures in lithified rocks, which 
are based on relatively small differences in text- 
ure or composition of the detrital material, are 
nevertheless conspicuous, because they were ac- 
centuated by variations in the degree of 
cementation or other diagenetic changes. 


Acknowledgement. — The author is indebted 
to the N.V. Bataafsche Petroleum Maatschappij 
(Royal Dutch/Shell Group) who sponsored 


the structure investigations in the Rhöne delta 
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Il. DEPOSITS FORMED IN TIDAL FLAT 
ENVIRONMENT 


Environment 


Sedimentary environments where a large part 
of the bottom is alternately covered and un- 
covered by the tides are called tidal flat areas. 
They are found in basins on the landward side 
of coastal barriers, in estuaries, and, exceptionally 
also along the open sea. Tidal flat areas formed 
in the shelter of coastal barriers are found all 
over the earth, notably as parts of coastal plains. 
Examples are the Wadden Sea along the North 
Sea coasts of Holland, Germany and Denmark, 
the tidal flat areas on the coast of Norfolk 
(England), the basin of Arcachon (France) and 
the so-called lagoon of Venice (Italy) 3. 
Estuaries with tidal flats, though usually of 


smaller dimensions are even more numerous 
than tidal flat areas behind coastal barriers. They 
are found both in coastal plains, e.g. in the 
southwestern part of the Netherlands, and along 
rocky coasts. Tidal flat areas along the open sca 
shore are known from Louisiana, Surinam and a 
few other countries. 

Three sub-environments can usually be dis- 
tinguished in tidal flat areas: the salt marshes, 
lying above the level of mean high tide and 
inundated only during spring tides or storm 
surges, the tidal flats proper, between the lines 
of mean high and mean low tide, and the tidal 
channels below the low tide level. 

The salt marshes are covered by a vegetation 
of halophytes, which may start to grow already 
a little before the bottom has silted up to high 
tide level. The marshes are normally dissected 
by meandering and sometimes anastomosing 
marsh creeks, which are bordered by narrow 
natural levees. Behind these raised banks the sur- 
face slopes downward into “marsh basins”. In 
some of these basins as well as in many parts of 
abandoned creeks so-called salt pans (Steers, 
1953), are found, in which standing water is left 
after inundation of the marshes. Such pans are 
often free of vegetation owing to the relatively 
high salinities which may develop during eva- 
poration of the water. Along their seaward side 
the marshes either pass gradually into the fore- 
lying tidal flats, or they are cut off by vertical 
bluffs. In the latter case there is often a zone of 
maximum elevations along the marsh edge, which 
is genetically partly a natural levee, partly a 
beach ridge. Salt marshes are also found along 
coasts where the range of the astronomical tides 
is very small or even negligible, but where 
appreciable wind tides occur, e.g. in the Rhöne 
delta. In such areas there may be relatively few 
creeks and in consequence little relief of natural 
levees and marsh basins. 

The tidal flats are often completely or almost 
completely devoid of large plants (some algae 
excepted). Examples are the Dutch and German 
Wadden Sea, the Wash Bay in England, etc. 
In other areas, such as the basin of Arcachon, 
there is at least locally, a close cover of Zostera 
or other intertidal plants. The relief of the flats 
is mostly very small, except for occasional 
mussel beds, but on their lower parts there may 
be numerous incisions of gullies, debouching 
into the tidal channels. Where the flats are 


The tidal range at Venice is larger than in most 
other parts of the Adriatic or Mediterranean seas, 
viz. of the order of 80 cm. The area behind the 
barrier islands is a typical tidal flat area since by 
far the greater part of the bottom is alternately 
covered and uncovered by the tides. 


narrow these gullies sometimes extend upstream 
into the higher parts of the flats or even (as 
creeks) into the salt marshes. 

The difference between vegetation covered 
salt marshes and more or less bare tidal flats is 
not confined to the areas in temperate and sub- 
tropical regions like those studied by the present 
writer. It is also found in many tropical regions, 
where the salt marsh vegetation may consist 
largely of mangroves, e.g. in the estuaries of 
French Guinea (Francis Boeuf et Romanovsky, 
1950). 

The channels between the tidal flats, which 
are scoured out or kept open by the strong tidal 
eurrents, are often quite deep. The greatest 
depths, sometimes several dozens of meters, are 
found in the tidal inlets. The bottom of the 
channels has in many cases a relief of transverse 
megaripples (van Straaten, 1950, 1953a). 


Lithology 


Vertical sections through formations deposited 
in tidal flat environments show usually a dis- 
tinct zonation (e.g. van Straaten, 1954b) which 
corresponds to differences in composition (and 
structure) found at the surface in the various 
sub-environments mentioned above. The most 
normal zonation is as follows: 

(4) a thin series of relatively clayey marsh 
deposits; 

(3) a thin series of relatively sandy deposits 
of high tidal flats; 

(2) a thin series of relatively clayey deposits 
of low tidal flats, sometimes with thin shell 
beds; 

(1) a thick series of relatively sandy chan- 
nel floor deposits, often with shell beds and 
clay pebble beds. 

The fact that the channel floor deposits are 
mostly very sandy is the result of the force of 
the tidal currents. Exceptions are found in some 
abandoned channels, or in channels close to the 
inner shores, where the currents are less effective 
in winnowing out the bottom material and where 
the sediments tend to be richer in mud. 

The more clayey composition observed on the 
low parts of the tidal flats is due to the 
diminished effect of the tidal currents, com- 
bined with a high average rate of sedimentation 
during the stages when sedimentation takes 
place (see below, in the section on the struc- 
tures). 

On the higher parts of the flats 
sedimentation is more continuous, and where 
the rates of deposition are much lower, a relative- 
ly sandy composition is found. The scarcity of 
finer materials is in this case largely due to 
wave action, * Close to the high tide line the 


where 
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sediment is again in many cases somewhat 
ticher in clay. 

A sharp increase in the average clay content 
is met with when passing to the salt marsh 
environment. During the inundations of these 
areas by the sea a great part of the finer materials 
suspended in the water, is trapped by the marsh 
plants. 


Structures 


The various structures found in the Dutch 
and German Wadden Sea area have been des- 
cribed in a great number of papers, e.g. by 
Haentzschel (1936, 1939/1955), Reineck 
(1956, 1958), Schaefer (1956), van Straaten 
(1954b), to name only a few. 

The marsh sediments are usually characterized 
by a wavy, nodular lamination, caused by de- 
position of sediment on uneven, dry, plant 
covered surfaces. The lamination is preserved as 
the result of the absence or scarcity of a bur- 
rowing fauna. The marine fauna, encountered 
in the tidal flat sediments, cannot live in the 
marshes because the inundations by salt water 
are too infrequent and because the sediment is 
mostly too dry in consequence of the normal 
position of the ground water level below the 
surface. Burrowing land animals such as earth 
worms and mole rats, on the other hand, do not 
invade the area so long as it is still inundated 
occasionally by sea water and the bottom con- 
tains an appreciable amount of salt. The only 
disturbances of the typical marsh laminations 
are caused by the roots of halophyte plants. 
However, these disturbances are normally much 
less important than those caused by animals. 

It may be remarked in passing that the sedi- 
ments of river built levees show sometimes the 
same kind of wavy, nodular lamination. This is 
not surprizing since the circumstances of de- 
position are very similar. A difference is that 
these laminations are usually less well preserved 
owing to the work of burrowing land animals 
which may be quite abundant in this environ- 
ment. 

Not all salt marsh sediments show the above 
mentioned laminations. They are best developed 
where the deposits contain a certain amount of 
sand or silt, i.e. close to the seaward edge-of the 
marshes and along creeks. In most cases there 
is a gradation from relatively sandy clays at the 
bottom of the sections to more silty and pure 
clays at the top. The lamination is then most 


4 Of course there are many exceptions to this ge- 
neral rule. In some cases the opposite situation is even 
observed, with relatively sandy sediments on the low 
parts of the flats and more muddy deposits on the 
higher parts, 
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marked in the lower parts. Upwards it may 
become very indistinct, especially where the 
material is deposited in marsh basins, at an 
appreciable distance landward from the edge of 
the marshes, where the velocity of sedimentation 
is low. It is possible that in these cases the lack 
of distinct laminations is largely due to the 
influence of plant roots, which of course varies 
inversely with the rate of deposition. 

A further exception to the occurrence of the 
typical marsh laminations is found in the sedi- 
ments of salt pans. Here a primary structure 
with more even, continuous laminae is formed. 
In many cases, however, this lamination is dis- 
turbed by a fauna of burrowing animals which 
develops during periods when the pans are filled 
with sea water. Another complication of the 
structure of salt pan deposits is due to mud 
cracks which are formed after evaporation of the 
water. 

Finally, it must be mentioned that marshes 
which have become silted up to such a height 
that they are inundated by the sea only at very 
rare occasions, can become inhabited by burrow- 
ing land animals. The activity of the latter may 
then result in the disturbance of any depositional 
structures that were present in the upper layers 
of the marsh sediments. 

The deposits formed in marsh creeks have a 
composition which ranges from pure sands to 
more or less sandy and silty clays. They show a 
great variety of structures, such as current ripple 
laminations, burrows and marsh laminations. 

The type of lamination found on the vege- 
tation-less tidal flats is different from that of the 
salt marsh sediments. The laminae are usually 
comparatively smooth and even, or they may 
show a relief and internal structure due to wave 
and current ripples. They lack the wavy, nodular 
character of marsh laminae. They are, moreover, 
less continuous and may wedge out over dis- 
tances of only a few feet. 

The tidal flat Jaminations are often quite un- 
disturbed by benthonic organisms. In other 
cases they are full of burrows5. The influence 
of benthonic life upon the sediment structures 
is most pronounced where deposition is relative- 
ly slow and continuous, as on the higher parts 
of most tidal flats. There, all traces of laminat- 
ion may become obliterated.6 On the lower 
parts of the flats, along the channels, the in- 


5 A detailed investigation of the disturbances of 


sediment laminations caused by various burrowing 
organisms was made by Schaefer (1956). It may be 
concluded from his data that many different animals 
may produce the same kind of disturbance. In most 
cases it is therefore impossible to refer the burrows to 
a definite species or even to a definite genus. 


fluence of the burrowing animals is usually 
much smaller. The minor gullies as well as the 
larger tidal channels are shifting their courses 
most of the time and the sediment in these areas 
is alternately eroded and (comparatively rapid- 


.]y) redeposited. With each redeposition a fresh, 


undisturbed lamination is produced (see van 
Straaten, 1954b). 

A consequence of the above mentioned 
situation is that there is no relation at all 
between the abundance of special features like 
ripple marks and tracks and trails of animals as 
observed on the surface of the tidal flats and 
their abundance in the “fossil” state. Although 
wave ripples of various kinds are often the 
dominant markings on the surface of the flats, 
the greater part of them is formed in places 
where the rate of vertical deposition is very low 
and where the only structures preserved in the 
sediment are those produced by burrowing 
animals. Much better conditions for the preser- 
vation of ripple marks are present on the low 
parts of the tidal flats, close to the tidal channels, 
but here current ripples often dominate (cf. van 
Straaten, 1954a) 7. 

The channel floor deposits have in general 
the same types of lamination as those found on 
the low parts of tidal flats, with the difference 
that burrowing animals have still less influence 
upon the structures, that current ripple structures 
are much more abundant and that wave ripple 
structures are absent, except sometimes very 
close below the low tide level. Shell beds and 
clay pebble beds show commonly an imbricated 
position of shells and clay pebbles. 

Channel sediments have often directional 
properties, owing to the preferred orientation 
of the crests of current ripple marks at right 
angles to the channel banks, at least in the 
deeper parts of the channels. Along the sides an 
oblique position of the crests is frequently ob- 
served, which is caused by the decrease in current 
velocities from the centre towards the banks. 
The crests then point obliquely downstream. 
Where waves in the channel water break against 
the banks, there may be wave-current-ripple 
marks (van Straaten, 1951), the crests of which 
are parallel to the direction of the currents. 


6 A secondary stratification of shell beds alternating 
with sand layers without many shells can be pro- 
duced by the burrowing activity of the worm Areni- 
cola (van Straaten, 1952, 1954b, 1956). 


7 This may explain how McKee (1957) could 
not demonstrate the presence of ripple structures in 
the sediments of parts of the Cholla Bay tidal flat 
area (Mexico), where, at the time of his observations 
the surface was closely covered by wave ripple marks 
(wrongly interpreted by him as due to „sheet flood”). 


In all cases of asymmetrical subaqueous ripple 
marks there is transport of sand in the direction 
of the steeper sides of the ripples. The lami- 
nations are parallel to these steeper sides. Apart 
from ordinary, small ripple marks one often 
finds transverse megaripples, with distances 
between successive crests of more than one 
meter. They are especially frequent in channels 
where either the ebb or the flood currents pre- 
dominate. Studies of the directions of such 
megaripples were made by Huelsemann (1955) 
and van Straaten (1953a). 

In general, the directions of inclination of 
megaripple laminations must show a fan-like 
arrangement around the tidal inlets, the laminae 
dipping partly away from the inlets and partly 
in the opposite direction. In the remaining parts 
of tidal flat areas a more random orientation 
must be present, in accordance with the general 
channel pattern (see e.g. the map of the Dutch 
Wadden Sea in the Waddensymposium, 1950). 


A similar distribution of sedimentary struc- 
tures as that found in the various environments 
of the Wadden Sea was encountered by the 
writer in a number of other areas: the estuaties 
in the southwestern parts of the Netherlands, 
the estuary of the Somme and the basin of 
Arcachon in France, the Hamford water estuary 
near Harwich, the tidal flat area on the Norfolk 
coast, the Wash Bay and the Dee river estuary 
near Liverpool in England, the lagoon of Venice 
in Italy, and, to a lesser extent the estuaries at 
Rabat and Mehdia in Morocco. 


In the Moroccan estuaries most of the investi- 
gated flats showed a predominance of burrowing 
structures over the whole section, from the marsh 
edge to the low tide line: Hence, the influence 
of burrowing structures on the sediment 
structure has, at these places, been of more im- 
portance than the influence of shifting channels 
and gullies. This may be partly due to a 
relatively constant position of these water 
courses. 

Many burtows in the sediments of these 
estuaries are produced by a crab, Uca Tangeri. 
This animal, which does not live in the tidal 
flat areas of temperate regions, builds small, 
volcano-shaped mounds around a central, vertical 
shaft which penetrates into the original sediment 
surface. The crab is found at all parts of the flats, 
but is especially abundant near the high tide 
line. Similar crab-made structures are of wide- 
spread occurrence in other subtropical and in 
tropical tidal flat areas, e.g. in French Guinea 
(Francis Boeuf et Romanovsky, 1950), in 
South China (Krejci Graf, 1935) and in In- 
donesia (Verwey, 1930). 
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Another difference between tidal flats in 
temperate and in tropical areas is the abundance 
of mud cracks. In temperate areas fully devel- 
oped, “complete” mud crack systems in which 
the polygons are entirely separated from one 
another by the fissures (Shrock, 1948), are 
practically limited to the salt marsh environ- 
ment and to the highest parts of the tidal flats. 
A few incomplete mud cracks are occasionally 
encountered on steep banks of gullies and 
channels which may become dry during low 
tides when the water table sinks at these places 
below the surface. In tropical areas the solar 
radiation is so much stronger that complete mud 
cracks can also be formed on lower parts of the 
tidal flats. 


Il. DEPOSITS OF COASTAL LAGOONS 
Environment 


The term coastal lagoon is used in this paper 
for comparatively shallow bodies of standing or 
almost standing water, situated in a coastal plain 
or delta environment. They may have an open 
connection with the sea (inlet or pass), but in 
some cases they are completely separated from 
it by a beach barrier or spit. Lagoon waters have 
a wide range in salt content, varying from only 
slightly brackish to supersaline. They receive 
salt water from the sea, either via the inlets or 
by waves breaking over the bartier, or by tem- 
porary elevations of the sea level during storms, 
or by underground percolation. Fresh water may 
be supplied continuously by rivers debouching 
into the lagoon, or intermittently during flood 
stages, when river water flows over the natural 
levees, or simply by rains. 

Lagoon floors are usually very flat, but in 
tidal lagoons deep channels can be present, 
especially in and near the inlets. The water level 
in many lagoons varies as the result of riverfloods, 
astronomical or wind tides in the sea and owing 
to the alternation of dry and wet periods. Some 
lagoons are partially or wholly dry for great 
lengths of time. 


Lithology 

With regard to the composition of the lagoonal 
deposits, distinction must be made between the 
actual lagoon floor sediments and the sediments 
that are deposited on the beaches or banks of 
lagoons by breaking waves, as well as those 
formed in the areas behind the lagoon shores 
during exceptionally high water stages. 

The deposits of the lagoon beaches are nor- 
mally very sandy. Locally they are moreover ex- 
tremely rich in shells. The lagoon marsh sedi- 
ments are on the other hand mostly very ciayey. 
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Their sand content may decrease from fairly 
high in the immediate vicinity of the lagoon 
shores to almost nil already at small distances 
inland from these shores. 

The lagoon floor deposits show a great 
variation in lithology. It ranges from course 
sands, e.g. close to the enclosing barrier along 
the open sea, via fine sands, silty sands, mix- 
tures of sand, silt and clay, to silty clays and 
almost pure clays. In some examples the bulk 
of the material is composed of silt. Shells are 
admixed to the sediment in varying amounts. 
They may be concentrated by wave action in 
separate layers. 


Structures 


Much information is available about the struc- 
tures of the bottom material in some lagoons of 
the Texas coast, viz. Aransas Bay, Mesquite Bay 
and San Antonio Bay, which were investigated 
by Moore, Scruton and Shepard (Shepard and 
Moore, 1955; Moore and Scruton, 1957). A 
large number of cores taken from the floor of 
these lagoons showed the following distribution 
of structures: “regular” (undisturbed, parallel) 
laminations in and near the Guadalupe delta in 
the innermost part of San Antonio Bay, mottled 
structures in the main part of the lagoons and 
homogeneous “structures” in the deepest parts. 
The mottling is mainly caused by the burrowing 
activity of benthonic animals. The homogeneity 
of the deposits in the deepest parts is also 
supposed to be due to burrowing organisms, 
which in these cases resulted in the complete 
mixing of the various grain size fractions. 

Exactly the same type of mottled structure 
due to the abundance of small burrows, as found 
in the Texas bays, was observed by the present 
writer in the sediments of the flat-bottomed 
central parts of Barataria Bay, Louisiana. Hardly 
any traces of lamination were left in this 
material. A core taken in deeper water (6.50 
meters) close to the main inlet (Barataria Pass) 
and cores from the tidal channel directly north 
of Grand Isle were composed of undisturbed 
laminations of sand and clay. Many of the sand 
laminae in the core from the northern approach 
to Barataria Pass had a detailed structure of 
current ripple laminae, formed by the tidal 
currents. The character of these laminated de- 
posits was completely similar to that of the 
channel floor sediment from the Dutch Wadden 
Sea. 

A predominance of burrowing structures is 
also present in lagoon deposits in the Rhöne 
delta (France). Minor disturbances due to toots 
of waterplants were also observed. Several cores 
from the large Etang de Vaccares, situated in 


the centre of the delta, show a stratification of 
thin beds of sand and washed mollusc shells 
alternating with thicker beds of clayey material 
with only scattered shells and in which the finer 
laminations are mostly completely disturbed by 


* bottom animals. 8 


Alternations of well preserved laminations 
and layers with burrowing structures were found 
in a small submerged delta on the lagoon side 
of the inlet to the Etang de Gloria (Rhöne 
delta). These alternations are probably caused 
by strong variations in the rate of sedimentation 
or by successive stages of erosion and deposition, 
just like on the low parts of the flats in tidal 
flat areas. 

Not all lagoons are characterized by sediments 
with dominantly mottled structures. Exceptions 
are formed e.g. by the deposits in the area of the 
former Zuiderzee in the Netherlands. The re- 
cent history of sedimentation in this area, es- 
pecially in the drained northeastern part, has 
been investigated in great detail by Wiggers 
(1955). For the post-Roman period three main 
stages of deposition can be distinguished: the 
Lake Flevo (later called Lake Almere) stage, 
lasting till approximately the year 1600, the 
Zuiderzee-stage, from circa 1600 till 1932, the 
year when the whole area was closed off from 
the sea by the “Afsluitdijk”, and the IJssel- 
lake stage, starting in 1932. The Flevo Lake 
was only slightly brackish, with chlorinities of 
less than 0.3 % (as established by microfauna 
and microflora research, see Middelhoek en 
Wiggers, 1953). During the Zuiderzee-stage the 
chlorinities were a little higher, viz. up to 0.6 % 
in the Northeastpolder area. In the subsequent 
IJssel Lake they decreased rather suddenly to 
values below 0.02 %. 

It is admitted that the Lake Flevo can hardly 
be called a lagoon. Yet, some attention will be 
paid to its sediments, since their structures may 
help to explain the structures of some other, 
truly lagoonal deposits. The Flevo sediments, 
which have probably been mainly supplied by 
the IJssel distributary, debouching into the lake, 
are very rich in silt. The relation between fine 
silt (2-16 u) and clay (< 2 u) content is 


8 When investigating the structures of lagoon floor 


deposits, it should be carefully examined whether 
the sediments are really of lagoonal origin. Great 
parts of the smaller coastal lagoons in the Rhöne 
delta are characterized by non-deposition and some 
parts even by (wave) erosion. Here older (often 
fluvial) deposits crop out on the lagoon floor. Yet, in 
these instances, the uppermost layer, of about an 
inch thickness, has then often acquired the properties 
of the lagoonal facies (abundance of burrowing 
structures, admixture of the remains of brackish wa- 
ter invertebrates and plants etc.) 


roughly 2 to 1. In tidal flat and marsh sediments 
in the Netherlands this relation is generally 
close to 1 to 2. The Zuiderzee deposits are 
relatively richer in clay but still do not reach 
the ratios that are found in sediments deposited 
from more normal sea water. It is assumed that 
the relatively low clay contents are caused by 
the weak effect of flocculation in these brackish 
waters. Most of the clay supplied by the IJssel 
must have been kept in suspension by the 
turbulence of the water and carried off to other 
environments. 


The structures of the sediments in the 
eastern Zuiderzee area were investigated by the 
present writer at some 12 places. The Flevo 
Lake deposits appear to be characterized by 
very fine, parallel laminations and abundant, 
equally fine cross laminations. There are only 
few burrowing structures. The relative scarcity 
of burrows can not be due to (continuous) 
rapid deposition. The annual rate of sedimentat- 
ion for a particular subdivision of the Flevo 
Lake deposits was tentatively estimated by 
Wiggers as 0.4 to 0.5 mm. Even if other parts 
of the formation had rates of deposition of a 
hundred times as great, i.e. 5 cm/year, there 
would be ample time for an ordinary bottom 
fauna to disturb all laminations. The most like- 
ly explanation is perhaps that both scarcity of 
a burrowing bottom fauna and constant rework- 
ing of the sediments by wave action are res- 
ponsible. A bottom fauna of macro-invertebrates 
could have been scarce not only because of the 
peculiar fresh to brackish composition of the 
water, but also as a result of the extreme mobility 
of the dominantly silty bottom material (cf. 
Hjulstroem, 1935), which could be stirred up as 
soon as wave action reached down to the 
(shallow) lagoon floor. Another factor of im- 
portance may have been the relative scarcity of 
waterplants, which tend to protect the bottom 
deposits from erosion and reworking by the 
waves. 


The above interpretation could also be applied 
to the laminated zone around the Guadalupe 
delta in San Antonio Bay. This zone is very 
narrow and occupies a far smaller area than 
the lake Flevo deposits, but it seems significant 
that it is precisely in this area that the salinities 
of the water are very low and that the bottom 
material is especially rich in silt. Shepard and 
Rusnak (1957) ascribe the occurrence of re- 
latively undisturbed laminations in this area to 
the scarcity of bottom animals as a result of the 
low salinities and to the high rate of sedimen- 
tation. The present author wonders whether the 
last factor is not of subordinate importance. In 
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an earlier paper Shepard (1952) states that the 
outline of the Guadalupe delta has changed very 
little since 1875, which may indicate that the 
rate of deposition in these parts is only moderate. 

Normal lagoonal conditions existed in the 
Zuiderzee area during the Zuiderzee stage itself 
(ca. 1600-1932). The sediments of this stage 
show similar fine, parallel laminations and cross- 
laminations as those of the Flevo deposits, but, 
as far as they were investigated, they seem to be 
on the average distinctly richer in burrowing 
structures. This can be easily understood as the 
result of the higher salinities of the water, which 
permitted the development of a benthos fauna 
of greater importance (cf. Redeke et al., 1922). 
The fact that this fauna did not disturb the 
laminations more completely may have been 
caused by the composition of the sediment which 
was still comparatively rich in silt and poor in 
clay so that it could easily be reworked by the 
waves. 

Another lagoon environment where the lami- 
nations of the bottom deposits are little dis- 
turbed by burrows is the Laguna Madre (Texas), 
investigated by Shepard and Rusnak (1957). 
The scarcity of burrowing animals is explained 
in this case as the consequence of the very 
high salinities of the lagoon water, which 
are often as much as 5,0% and may locally 
exceed 10% (cf. Hedgpeth, 1953; Ladd, 
Hedgpeth and Post, 1957; Emery and Stevenson, 
1957). 


IV BEAGCELDELOSITS 


Environment 


Beaches can be defined as the comparatively 
narrow zones along the coast, which lie above 
the low water mark and which are mainly 
shaped or at least strongly influenced by wave 
action. They are formed along the shores of 
seas, bays, lagoons, lakes and in tidal flat areas, 
e.g. at the base of marsh bluffs. Some beaches, 
especially small ones, such as those along minor 
lakes have an almost uniform slope from the 
upper limit of wave action to the low water 
line. Most beaches, however, show a relief of 
benches of outcropping rocks, or of berms, 
ridges and swales, the ridges with transverse rip 
current channels, etc. On sandy beaches a dis- 
tinction can usually be made between a fore- 
shore part and a backshore part. The foreshore 
lies below the swash limit of ordinary high tides, 
the backshore lies above this limit. 


Lithology 
Owing to the winnowing effect of the waves 
most beach deposits are composed of relatively 
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coarse material, such as sand, shells and pebbles. 
Where pebbles are present, they are often 
accumulated in a ridge or in ridges on the 
highest parts of the beach. This concentration is 
due to the circumstance that the upward thrust 
effected by the swash and the breaking waves 
is mostly stronger than the transporting power 
of the backwash. The difference between the 
effects of swash and backwash causes also fre- 
quently a concentration of heavy minerals on 
the upper parts of the beaches. 


Structures 

A very detailed study on the structures of 
beach sands on the coast of California was 
published by Thompson (1937). Other in- 
vestigations were made by Doeglas (1955) on 
the Dutch coast, by McKee (1957) in Califor- 
nia, Mexico and Texas, by van Straaten in the 
Netherlands (1954b) and in the Rhöne delta 
(this paper) and by several others. 

It appears that the distribution of structures 
depends on the type of beach. Where the fore- 
shore shows a pronounced relief of ridges and 
swales, cross laminations with landward dipping 
foreset laminne may be found (Doeglas, 
1955), due to the landward migration of the 
tidges. These foreset laminae rest on sands with 
finer, more irregular cross laminations, depo- 
sited in the swales. The crests of the ripples in 
the swales which account for the cross laminations 
are often at right angles to the trend of the beach, 
viz. when they are formed by currents following 
the direction of the swales. In other cases one finds 
asymmetric wave ripples in the swales, with 
crests that are parallel to the beach (cf. van 
Straaten, 1953b). 

On beaches that have a more uniform slope, 
the dominating type of minor structure on the 
upper foreshore consists in remarkably even, 
parallel laminations, mostly gently inclined to- 
wards the sea, the inclination being approximate- 
ly the same as that of the surface (cf. Martens, 
1939/1959). The even character of the laminae 
is due to the effect of swash and backwash, 
which generally tend to produce very smooth 
surfaces on the sand, especially when the beach 
has a marked seaward slope. Where ripples are 
formed on such surfaces, e.g. rhomboid ripples 
or regressive sandwaves (van Straaten, 1953a, 
1953b) they are in many cases extremely flat. 

The average thickness of the parallel laminae 
on the beaches investigated by Thompson is 
given as approximately 713 mm. A somewhat 
smaller value (4 to 5 mm) was found in lacquer 
peels of beach sand cores from the Rhöne delta, 
possibly as the result of the different method of 


observation. The successive laminae are com- 
posed of well sorted sand of different textures 
(see also Emery and Stevenson, 1950, and 
Schalk, 1938). The differences in grain size 
composition are sometimes only very small. In 


“such cases they may be nevertheless conspicuous 


owing to different contents of dark coloured 
heavy mineral grains. The laminations are form- 
ed by periodical variation in the ratio between 
the transporting and sorting effects of swash 
and backwash. These periods are often fairly 
long. Thompson found that one single lamina 
may correspond to many hours of wave action. 


In larger sections through the beach sand on 
the upper foreshore it is frequently seen that the 
separate laminae wedge out laterally or that they 
are cut off by unconformities. According to 
Thompson the lateral extension of the laminae is 
nearly always considerably greater in sections 
parallel to the trend of the beach than in normal 
sections. The surfaces which truncate the lami- 
nations are themselves in most cases also very 
even, and make usually only small angles with 
these older laminations. 


No direct 
Thompson on 


observations were made by 
the structures of the sediments 
of the lower foreshore. Here his method ot 
studying fresh sections in situ failed in conse- 
quence of the water saturated condition of the 
sand, which caused the sections to cave in as 
soon as they were made. By applying the lacquer 
peel method to core samples from beaches or 
the Rhöne delta it was found that similar lami- 
nations occur on the lower parts of the beach. 

The sands of the backshore may also show 
the smooth, parallel laminations. In addition, 
various ripple structures, both of subaqueous and 
of aeolian origin are found. Some coarse cross- 
bedding is often present as the result of the 
formation of low sand dunes. 

Structures due to the entrapment of air in 
beach sand have been described by several 
authors, a.o. Baudoin (1951a, 1951b), Emery 
(1945), Johnson (1938), Kindle (1936) and 
Palmer (1928). They originate when dry beach 
sand is covered by the sea, e.g. during a rising 
tide, and the pores in the top layer become 
filled with water. This top layer may then be- 
come impermeable for the air which is pushed 
up from below by the simultaneously rising 
ground water. The structures produced by this 
mechanism occur on all parts of beaches. Emery 
(1945) distinguishes between the following 
types: sand domes (dome shaped uplifts of the 
top layer of sand over a “laccolith” of air), 
cavernous sand (in which the entrapped air has 
become concentrated in large numbers of closely 


spaced, more or less ellipsoidal bubbles) and 
sand holes (vertical tubes through which the air 
has escaped to the surface). If these structures 
are preserved at all in fossil beach sediments 
(which themselves are already exceptions in 
the geological column) they must be extremely 
rare. Yet, it does not seem completely impossible 
in cases where the beach sand is cemented soon 
after the structures have been formed. Sand 
holes could also be preserved in the fossil state 
iÜ they are filled with fine material deposited 
from the water after the outflow of air has come 
to an end. 

Examples of folded structures in beach sands 
have been mentioned from California 
(Thompson) and from Japan (Mii, 1956). A 
similar case was observed by Stewart (1956) in 
the exposed sands of the tidal delta at the en- 
trance of a lagoon on the coast of Mexico. Both 
Mii and Stewart suppose that the contortions 
are the result of pressure of entrapped air. 

Analyses of the orientation of (elongate) 
sand grains on beaches along the coasts of 
Texas, Louisiana, North Carolina and California 
have been made by Curray (1956). They show 
a preferred orientation of the grains with their 
long axes parallel to the direction of currents or 
waves. Where the sand is chiefly deposited by 
waves moving at right angles to the beach, the 
dominant orientation of the grains is therefore 
also normal to the strike of the beach. In wind 
blown sands these orientations are parallel to 
the direction of the wind. 

The situation is different for pebbles on 
beaches. It follows from the investigations by 
Cailleux (1934, 1938) that wave action tends to 
direct pebbles with their long axes parallel to the 
beach. Where pebbles are accumulated in great 
quantities they show moreover imbricated posi- 
tions, with seaward dips of their medium axes. 
Isolated mollusc shells which lie in their mosi 
stable position, with the convex side up, are 
again most frequently oriented with their longest 
dimensions normal to the beach. 


V. SUBMARINE DEPOSITS OF COASTAL 
BARRIERS 

Environment 

While practically all coasts have beaches, with 
or without beach deposits (see the definition 
of beaches in the preceding section), one finds 
barriers only in areas of active coastal depo- 
sition. A barrier is an accumulation of sand 
which starts in relatively deep water and con- 
tinues till above the water line (cf. the ter- 
minology of Shepard, 1952). The emerging 
part of a barrier is the barrier beach. 

A barrier originates by wave action of various 
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kinds. It may develop from a submerged “off- 
shore bar”, formed by the breaking of waves in 
shallowing water. In other cases a barrier is 
built in immediate contact with the original 
coast. Barriers may also be formed without the 
influence of breaking waves, viz. by beach drift. 
When a barrier becomes high enough for the sand 
to dry out the surface, wind action, mostly helped 
by vegetation may build up the barrier to still 
greater heights. 


The submarine slope of many barriers shows 
normally a relief of more or less parallel ridges 
and troughs. In most cases they are approxi- 
mately parallel to the shore, but locally they 
stand at an angle to it. The width of the ridges 
decreases generally towards shallower water. 
They are primarily the product of wave action, 
although in seas with strong tides their shapes 
may be influenced by currents. 

The base of the barriers is often marked by a 
distinct knick in the bottom profile, the sub- 
marine part of the barrier sloping more steeply 
than the forelying shelf. The depth of this 
knick depends chiefly on the dimensions of the 
waves. In many cases it lies at a depth of 10 to 
20 meters. 

A barrier shoreline can be in the process of 
prograding or of retreating, or it can be station- 
ary, depending on whether the supply of sand 
is larger or smaller than, or equal to the removal 
of sand. One may distinguish, for the sake of 
convenience, between supply and removal of 
sand in longshore directions (by the various 
mechanisms of beach drifting and longshore 
drifting) and in directions. transverse to the 
shore, from and towards deeper water. Transport 
transverse to the shore takes place from the 
land, under influence of rivers and winds, or 
from the sea floor, under ınfluence of the direct 
and indirect effects of wave action (asymmetric 
oscillatory motion of water particles along the 
bottom, rip currents and undertow). The 
relative effects of these mechanisms of transport 
depend on a great many factors: position of 
river mouths, discharge of rivers, direction and 
strength of winds, waves, swell and currents, the 
configuration of the shoreline, the slope of the 
sea floor in front of the coast etc. 

When a shoreline retreats, erosion may soon 
take away the bulk of the barrier sands, both 
on its submarine parts and on the beaches. Older 
coastal plain sediments of various origin crop 
out over large parts of such eroded areas or are 
covered only by a thin veneer of marine sand. 
There usually remains some sort of accumulation 
of sand on the highest parts of the beach, which 
is taken along as the shoreline shifts inland. 
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Lithology 
It was mentioned already that most of the 


submarine barrier deposits are composed of sand. 
In addition to this they contain varying amounts 


of shells and other skeletal remains of marine | 


organisms. At some places, notably along rocky 
coasts or in their vicinity one finds considerable 
quantities of gravel or even large pebbles. To- 
wards the lower parts of the barriers clayey 
material becomes an ever more important pari 
of the sediment. 


Structures 


Sands of the submarine slopes of the barriers 
of the Central Texas coast have been studied 
by Moore and Scruton (1957) who classify 
them as homogeneous deposits. The homo- 
geneity would be caused by a complete mixing 
of all sand grains by violent wave action. 
Between the homogeneous barrier sands and the 
mottled sediments of the open shelf (see later) 
a transition zone with “irregular layers” was 
found. 

No such general homogeneity was found by 
the present author in gravity corer samples of 
che submarine barrier sands along the coast of 
the Rhöne delta. The latter are formed under 
conditions that can hardly be very different 
from those along the Texas coast. Yet, they 
show in most cases distinct, approximately 
horizontal laminations with occasional cross 
laminations and, notably in deeper water, some 
burrowing structures. The author wonders 
whether the structures in most of the Texas cores 
have been disturbed by the coring process it- 
self (see introduction). Moreover it could be 
possible that the preparation techniques applied 
by Moore and Scruton failed to show those 
structures which were actually present in their 
cores. 

As to the effect of waves on sediment struc- 
tures, it seems unlikely that they could result 
in a homogenization of thick layers of sand. 
Even in cores from the breaker zone along the 
beaches of the Rhöne delta distinct laminations 
were observed. Furthermore it follows from the 
ınvestigations by Inman (1957) that the sea floor 
immediately in front of the shores of Southern 
California is richly covered by wave ripple 
marks. It is most probable that such ripple 
marks occur also in shallow water along other 
sea beaches. And where ripple marks are nor- 
mally present some structures must surely be 
formed in the bottom sediments. 

Although the submarine barrier sands are 
usually inhabited by appreciable numbers of 
benthonic animals, their influence upon the 


sediment structure is small, bceause of the almost 
continuous reworking of the bottom material by 
the waves, and, to a smaller degree, also by 
currents. This reworking must be strongest on 
the upper parts of the slope. On the lower parts, 
which are influenced by wave action only 
during exceptionally heavy storms or periods of 
very strong swell, the effect of burrowing animals 
must become more important. In fact, such a 
lower zone with distinct burrowing features was 
found by Moore and Scruton along the Texas 
coast (their transition zone with irregular 
laminations). The same situation occurs along 
the coasts of the Rhöne delta. In the latter area 
it was found that this zone extends higher up- 
ward in bays that are protected from strong 
waves, than along the open sea coasts. 


VI. SUBMARINE DELTAIC DEPOSITS 
Environment 


Fisk et al. (1954) introduced some new 
terms for the various environments of the 
Mississippi river delta. Some of these terms are 
also used by Shepard (1956) and by Scruton 
(1955), although partly in different ways. 
Shepard distinguishes between the following 
submarine zones: 

(1) The “delta front platform”, the shallow 
area immediately in front of the subaerial part 
of the delta, which has an average width of at 
least a few kilometers. It includes the inter- 
distributary bays, which are left open between 
the advancing natural levees of adjacent dis- 
tributary channels. 

(2) Beyond the platform the “pro-delta 
slope” is found, which may be compared to the 
foresets slope of the more simple, lacustrine 
deltas studied by Gulliver. This slope has a 
varying width and continues to depths that vary 
according to the relief of the forelying sea floor. 

(3) At the base of the slope the “open 
shelf with recent delta influence” begins. It 
corresponds more or less to the environment of 
Gulliver's bottom set beds. 

(4) In addition a few other zones are dis- 
tinguished by Shepard, such as the areas of re- 
worked older delta deposits and old shelf areas. 

A similar subdivision of the submarine deltaic 
area in delta front platform, pro-delta slope and 
open shelf with recent delta influence can be 
made in the cases of the Essequibo and Orinoco 
rivers (cf. Nota, 1958). The configuration of 
these deltas, especially of their subaerial parts, 
is different, however. They are not of the bird- 
foot type and consequently lack typical inter- 
distributary bays. 

Yet another type of morphology is shown by 


the Rhöne delta, see Russell (1942), Kruit 
(1955), Razavet (1956) and Razavet et Kruit 
(1957). Here a delta platform is almost entirely 
missing. A small platform of some 4 km? in 
front of the mouth of the Grand Rhöne dis- 
tributary and the south-western part of the 
Golfe de Fos are the only areas which could be 
regarded as equivalents of parts of the Missis- 
sippi delta platform. Among each other these 
two areas of the Rhöne delta show strong en- 
vironmental differences. The first named plat- 
form is exposed to waves of the open sea and is 
built foreward by the most active distributary 
of the Rhöne. Its surface deposits are mainly 
composed of coarse sand. The other area lies 
in the shelter of a long spit and receives chiefly 
muddy sediments from various sources. Apart 
from these two areas the whole coast of the 
Rhöne delta is made up of almost uninterrupted 
sand beaches, thrown up by the waves. The dis- 
similarity between the Rhöne delta and the 
Mississippi delta is due to the different relations 
between the effects of wave action and of sedi- 
ment supply by the rivers. The latter is relatively 
of much greater importance in the Mississippi 
delta. 

The submarine topography of the deltas varies 
also wideiy from case to case. The part of the 
Mississippi delta which protrudes into the Gulf 
of Mexico is surrounded by a more or less 
continuous pro-delta zone, where active depo- 
sition takes place. In the case of the Essequibo 
and Orinoco deltas the pro-delta environment, 
characerized by active sedimentation, extends 
even far beyond the sub-aerial parts of the 
deltas themselves and forms a continuous, 
though rather narrow belt from the Essequibo 
river mouths to the Orinoco mouths. ® 

In sharp contrast to the above examples there 
is only a small portion of the sea floor in front 
of the Rhöne delta which can be regarded as 
“active” pro-delta slope environment. This area 
lies south of the mouth of the Grand Rhöne 
distributary and is marked by a distinct seaward 
bulge of the bottom contours. There are a few 
more of these bulges on the sea bottom. How- 
ever, they have been formed in earlier stages, 
by deposition off distributaries that are now 
abandoned. Their upper parts have been re- 
moved by wave erosion. It is true that deposition 


9 Further westward the submarine morphology is 
strongly influenced by the tectonic relief. In the 
Serpents Mouth, south of Trinidad and in the Bocas 
del Dragon area, between Trinidad and the Paria 
peninsula, zones of non-deposition and of active 
scour are found. In the Gulf of Paria itself and on 
the shelf north of the Bocas del Dragon there ıs 
again deposition of muds supplied by the rivers of 
the western Guiana Shield. 
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continues on their lower parts, situated below 
wave base, but this deposition is much slower. 
These areas, as well as the other parts of the sea 
floor south of the Rhöne delta belong now to 
the "normal open shelf” where the influence 
of deltaic sedimentation is of secondary im- 
portance for the submarine topography. 


Lithology 


The submarine deltaic deposits can be divided 
into two main classes. The first one comprises 
all those sediments of direct fluvial origin, 
which contain no, or only quite subordinate 
amounts of marine organic remains. In this paper 
they will be referred to as fluviomarine deposits. 
The second group is formed by more normal 
neritic sediments, in which an essential, though 
often small part is composed of the skeletal 
remains of marine animals such as foraminifera, 
echinoderms and molluscs. 

The fluviomarine facies is mainly found on 
the pro-delta slopes. In the Mississippi delta it 
seems to be encountered also in the interdis- 
tributary bays and other delta platform environ- 
ments. The sediments of the (centre of) the 
Fos bay east of the Rhöne delta, which has a 
slightly different origin and which is consider- 
ably deeper than the Mississippi delta bays, do 
not show this facies, but rather that of the normal 
open shelf deposits (see the section on bay 
sediments). 

The fluviomarine deposits are usually 
characterized by a distinct gradation from a 
relatively sandy or silty composition directly 
in front of the distributary mouths to more pure 
clays offshore. Scruton (1955) distinguishes 
in the Mississippi delta between delta front 
silts and sands, pro-delta silty clays and off- 
shore clays. The latter contain locally already 
a certain amount of shells of marine organisms 
(cf. also Parker, 1956) and sand or other 
material, transported by currents from outside 
sources. Nota (1958) found a similar gradation 
from silty clays to pure clays in the Western 
Guiana shelf area. 

The fluviomarine series deposited off the 
Grand Rhöne mouth are on the whole much 
sandier in composition. They contain in their 
proximal parts abundant layers and laminae of 
sand and silty sand. Both these coarse grained 
layers and the intercalated layers of finer 
material decrease in thickness towards deeper 
water. The decrease in thickness is accompanied 
by a diminishing of the maximum and average 
grain sizes of the sand. 


Stractures 
Structures of recent submarine deltaic deposits 
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have been investigated by Johnston (Fraser 
river delta, British Columbia), Fisk et al., Moore, 
Scruton and Shepard (Mississippi river delta), 
Koldewijn (Paria-Trinidad area), Nota (Wes- 
tern Guiana Shelf) and van Straaten (Rhöne 
delta). 


Proximal fluviomarine deposits. It appears 
that the foreset beds of all studied deltas have 
typically laminated structures, at least on the 
upper parts of the foresets slope. The delta 
platform deposits of the Mississippi delta are al- 
so laminated, according to Moore and Scruton 
(1957). Those in the Gulf of Fos (Rhöne 
delta) show a predominance of burrowing 
structures. The lower limit to which distinct 
laminations are found on the foresets slopes 
varies somewhat in the different deltas (in 
relation to the angle of the slopes, the current 
velocities of the rivers, and the average com- 
position of the supplied sedimentary material). 
The maximum depth for the eastern Mississippi 
delta is approximately 40 m. In the fluviomarine 
sediments of the Fraser delta (Johnston, 1922) 
and of the Rhöne delta they occur down to 
depths of 60 m and more. 

The laminae consist of sand (relatively close 
to the delta front platform), silt, clay, and 
various mixtures of these size classes. Grading of 
the grain sizes in individual lamine is occasionally 
present, but does not form a characteristic feature 
of these sediments. The laminae are usually nicely 
parallel and even, but sometimes small load casts 
are formed by the subsidence of sand into the 
underlying mud. In the Rhöne delta area such 
load casts were only exceptionally observed. In 
the Mississippi delta deposits they seem to be 
more common. 

The sand found in the foreset beds is deposit- 
ed by settling from the turbid river warer, 
flowing out in a thin sheet over the denser sea 
water. Yet, cross Jaminations are not infrequent- 
ly seen in the sand laminae. In some cases they 
may be due to tidal currents, e.g. in the Fraser 
river delta, or to wave action, e.g. on parts of the 
foreset slope of the Orinoco delta. But along the 
Rhöne delta there are no tidal currents, and a 
large portion of the cross laminations are formed 
below wave base. In a paper by vanStraaten (1959) 
it is argued that they are possibly due to slow tur- 
bidity currents, running down the slope, which 
do not transport the sand over any great dis- 
tance, but which are of sufficient strength to 
tipple the sand. Swift turbidity currents would 
carty the sand much further downslope. In that 
case considerable differences should be observed 
between the grain sizes of the bottom sand and 
those of the sand that is suspended in the sur- 


face water at the same places. No such large 
discrepancies in grain sizes were found. 

With regard to the lateral continuity of the 
laminations Moore and Scruton (1957) state, 
that in the delta platform deposits of the Mis- 


“sissippi delta relatively thick layers and sets of 


laminae in cores from closely spaced core holes 
can usually be correlated, but that individual 
laminae often wedge out over distances of less 
than a few meters. On the pro-delta slope the 
continuity is even smaller. Separate laminae 
could rarely be traced between samples taken 
with bident corers at distances of only a few feet. 

On the other hand, a series of 14 cores, taken 
from the mouth of the Grand Rhöne southward, 
shows laminations that can be correlated over a 
distance of about 2 kilometers, from a water 
depth of only 413 meters to a depth of 70 
meters (see van Straaten, 1959). 


It is hard to explain the very small continuity 
of the laminae in the foreset deposits of the 
Mississippi delta. Scruton (1955) supposes that 
many of the laminations are due to reworking 
of the sediment by wave action. It is known, 
of course, that in shallow water relatively coarse 
grained laminae can be formed by unmixing of 
sand-silt-clay mixtures under the influence of 
wave turbulence. However, this explanation is 
less likely for laminae that are formed in deeper 
water. Moreover, it seems improbable that the 
unmixing by the waves could be localized to 
areas of only a few square feet. 


The laminations in the foreset beds of the 
Rhöne delta are apparently the result of varia- 
tions in the river discharge. It is seen that during 
river floods coarse grained suspended material 
is transported in much greater quantities and 
notably further seaward than during stages of 
low water. Obviously, these variations in supply 
of sediment to the foresets must result in 
relatively continuous laminations of alternately 
coarser and finer material. Although the data 
need still some confirmation, it seems that as 
a matter of fact a direct correlation can be made 
between these laminations and the succession 
of high and low water stages of the Rhöne river 
in the last few years (van Straaten, 1959). 


The fact that the laminations in the more 
proximal parts of the fluviomarine deposits are 
in general so well preserved is due to the small 
effect of burrowing organisms in this en- 
vironment. It has been mentioned already that 
skeletal remains of marine organisms are very 
rare or altogether absent in the fluviomarine 
sediments. Grab samples from the proximal 
fluviomarine deposits off the Grand Rhöne do 
not contain any skeletal material at all. Only a 


few derived mollusc shells were encountered in 
cores from the upper part of the foreset slope. 
. Yet, the environment is not quite azoic. 


Many grab samples contained fairly large num- 


bers of polychaete worms, living in the mud. 
Gautier (1957), who collected drag samples in 
the Rhöne delta area to study the marine 
benthic biocoenoses mentions the occurrence in 
these same sediments of other invertebrates 
without hard parts, viz. some cnidaria, holo- 
thurians and crustaceans. It is not surprizing, 
therefore, that one does find occasionally a few 
burrowing structures. Only very rarely are these 
burrows vertical. Most of them are horizontally 
directed polychaete burrows. The latter are of the 
same type as those found in the distal fluviomarine 
sediments (see below). They are mainly confined 
to laminae or layers of clayey composition, and, 
in consequence of their preferred orientation 
parallel to the bedding plane, they do not disturb 
the laminations very strongly. 


Distal fluviomarine deposits. No laminations 
were found in the cores taken at depths of (80), 
90, and 100 meters in the foreset environment 
off the mouth of the Grand Rhöne. These 
deposits are composed of relatively pure clay. 
They correspond to the offshore clays of Scruton 
in the Mississippi delta area, which are described 
by him as homogeneous, and to the unlaminated 
bottom set clays of the Fraser delta, sampled by 
Johnston at depths of 130 and 170 meters. 

Though the offshore clays of the Rhöne delta 
are unlaminated and though they appear homo- 
geneous when examined in moist core samples, 
they have nevertheless very typical structures. 
Samples which have dried out to a certain 
extent and which are then scraped off with 
a sharp knife show, in vertical sections a 
pseudo-conglomeratic structure of small par- 
ticles of relatively dark coloured clay Iying 
embedded in a matrix of somewhat lighter 
coloured, more silty clay. In horizontal sections 
most of these particles appear to be elongate. 
In many cases they are distinctly worm shaped, 
their shorter diameters seldom exceeding more 
than a few millimeters while their longer dia- 
meters may be as much as several centimeters. 
They have, moreover, frequentiy a typically 
segmented outline. The indentations between 
the segments dissect sometimes the dark colour- 
ed “worms” completely, so that they resemble 
strings of beads. The matrix around them is 
either more or less homogeneous, or it shows 
distinct concentric zonations. There can be little 
doubt that these dark coloured clay elements are 
produced by the polychaete worms which were 
observed in horizontal positions in the mud of 
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many grab samples. It seems most likely that 
the dark material represents clay that has passed 
through the intestines of these worms. The term 
castings might therefore perhaps be more ap- 
proptriate. 

The influence of these organisms upon the 
sediment structures decreases’ from the base of 
the foresets upwards. The cores from 100, 90 
and 80 m water depth show this kind of burtows 
or castings practically over their whole length. 
In the cores from 70 and 60 m depth there is an 
alternation of thick layers with “clay worms” 
and thin sand or silt laminae without such 
structures. In the cores from 50, 40 and 30 m 
water depth they are limited to only a few clay 
layers, the remainder of the cores showing nor- 
mal laminations, and in the material from depths 
of less than 30 m no “clay worms” were 
observed at all. The offshore clay with horizon- _ 
tal worm structures interfingers apparently with 
the more silty and sandy deposits of shallower 
water, the intercalations with the “clay worms” 
forming continuous layers that extend from 
deep water upward along the slope. 


VIE NORMAL OPEN SHELF DEPOSITS 
Environment 
Shelves are the submarine terraces which 


border most continents and many islands and 
which slope more or less gradually downwards 
to a depth of some 200 meters or less, where 
they are cut off by relatively steep surfaces 
leading down to oceanic depths. 

The surface of the shelves is often very flat, 
but in some cases the features of a drowned land 
topography are clearly recognizable. There are 
also shelf areas, e.g. the southern North Sea 
(van Veen, 1936) that show a relief of 
numerous, more or less parallel, subaqueously 
formed sand ridges. The present shape of these 
ridges is strongly influenced by tidal currents. 
It is possible that their original formation was 
not only due to tidal currents, but that wave 
action also played a part. 

Other relief features, viz. what looks like old 
nearshore bars and wave truncated terraces that 
have been drowned below wave base, are des- 
cribed by van Straaten (1959) from the Rhöne 
delta shelf. Submerged terraces are also described 
by Nota (1958) (Western Guiana shelf) and 
by Emery (1958) (Southern California shelves). 

At the outer edge of some shelves in regions 
of warm climates, e.g. in the Gulf of Mexico 
and East of Trinidad a number of isolated 
prominences are found. They are drowned 
reefs, on which there is in some cases a small 
amount of biohermal aftergrowth (Koldewijn, 
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1958; Ludwick and Walton, 1957; Nota, 1958). 

The part of the shelf that extends from the 
base of the coastal barriers and the seaward limit 
of the fluviomarine deposits to the outer edge 
will be called the “open shelf”. 


Lithology 


On many shelves the following zonation of 
bottom deposits is observed: 

(1) relatively coarse grained, recent depo- 
sits near the coast, grading into 

(2) fine grained recent material 
offshore, followed by 

(3) a zone of mixture of recent fine grained 
and older, coarse grained deposits, which in its 
turn may pass into 

(4) a zone of more pure, coarse grained, 
older material. In some cases an 

(5) outermost zone with calcareous sedi- 
ments is present close to the edge of the shelf. 

Where detailed sedimentological investigat- 
ions have been made, it appears that the older, 
coarse grained material has been deposited in 
times when sea level stood considerably lower 
than at present, viz. in the Pleistocene and in 
the early Holocene. Nota (1958) considers some 
of these “shelf sands” on the Western Guiana 
shelf as drowned littoral or coastal plain deposits, 
on account of their grain size distributions. As to 
the drowned sands of the Rhöne delta shelf, it 
seems probable that at least a part of them has 
been formed in nearshore water at a depth of 
some 10 to 20 meters, on account of the enclosed 
mollusc shells. Sediments with typically near- 
shore “fluviomarine” laminations were encoun- 
tered at or closely below the surface on the 
outer parts of the western Guiana and Paria 
Trinidad shelves (Nota, 1958; Koldewijn, 1958). 

It follows from the presence of these older 
deposits at or close to the surface that the rate 
of recent sedimentation in the outer shelf areas 
is practically zero. This absence of deposition is 
not due to lack of available material, as is shown 
by various observations on the distribution of 
suspended matter. Hence, the prohibiting factor 
must be turbulence in the water. 

Koldewijn and Nota suppose that in 
some cases the concentration of the energy of 
tidal currents on the shelf edge may be at least 
partly responsible. In other places permanent, 
non-tidal marine currents could be one of the 
causes or the main cause of the turbulence. Thus 
Nota believes that the North Equatorial cur- 
rent plays an important part in establishing non- 
depositional conditions on the Guiana shelf in a 
broad zone from the shelf edge landward. 

Where small amounts of recent clay are 
deposited on the shelf, it may become encor- 
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porated within the mass of the older sediments 
by the activity of burrowing animals. In such 
cases a gradation may be produced from re- 
latively pure, recent clays at the top, via sandy 
clays, to clayey sands at some depth below the 
surface. 


Structures 


The minor sedimentary structures found in 
the recent deposits of the open shelves are 
mostly strongly influenced by the bottom fauna. 
Moore and Scruton (1957) distinguish in the 
shelf area off the central Texas coast between 4 
zones with different types of structure. To- 
gether they correspond to the first and second 
of the lithological zones mentioned above. The 
innermost zone corresponds to the sandy, sub- 
marine barrier deposits of the present paper, 
dealt with above. The second zone lies roughly 
between the 12 and 16 m contours and is charact- 
erized by irregular layers of sandy and muddy 
material. It forms the transition between the 
barrier and the “open shelf” environments. The 
third zone, with sediments that are still more 
clayey, extends to depths that increase from 
circa 36 m in the western part of the investigated 
area to approximately 70 m in the eastern part. 
The structures are predominantly of the mottled 
type. The fourth zone, with the finest sediment 
(silty clays, see Shepard and Moore, 1955 a) 
shows, according to Moore and Scruton only 
“homogeneous structures”. The transitions 
between the successive zones are of course quite 
gradational. No data are given on the sediment- 
ary structures on the outermost parts of the shelf. 

The disappearance of the irregular layers 
from the second zone towards deeper water is 
ascribed to the decreasing intensity of reworking 
of the sediments by waves and the relative 
increase of the effect of burrowing organisms. 
The transition from the zone of mottled struc- 
tures to that of the homogeneous sediments is 
explained as the result of the decreasing quan- 
tities and final disappearance of sand. It must be 
concluded from this interpretation that Moore 
and Scruton do not apply the term homogeneous 
in its strictest sense. The circumstance that no 
sand is present in the sediment does not neces- 
sarily imply that the structures must be homo- 
geneous. So long as the clays contain appreciable 
amounts of silt, organic matter etc., there may 
be all kinds of structure due to the special 
distribution of these admixtures. And even when 
a sediment consists exclusively of elements of 
one grain size, a definite structure may be 
present, e.g. a parallel orientation of clay mineral 
flakes in pure clays. 


Mottled and (apparently) homogeneous 


Fig. 1 — Salt marsh. Sample from 
marsh cliff at Zoutkamp (Dutch 
Wadden Sea), 62-69 cm below top 
of cliff. Laminae of sand and silty 
clay, penetrated by thin plant 
rootlets. Tray sample, vertical sec- 
Bionsssealesier: 1. 


Fig. 4 — Tidal channel. Comparati- 
vely muddy sample from centre of 
Lauwerszee (Dutch Wadden Sea), 
38-45 cm below surface. Depth of 
channel circa 613 metres below 
mean low tide level. Alternation of 
mud and sand laminae, the latter 
with minor structure due to tidal 
currents. Tray sample, vertical sec- 
Honssceales le. 


Fig. 2 — Tidal flat, not influenced 
by migration of ebb gullies. Com- 
paratively muddy sand, from inner 
(southwestern) part of Lauwerszee 
(Dutch Wadden Sea), 1-8 cm below 
surface. Tray sample, vertical sec- 
tion, scale 1 : 1. 


Fig. 5 — Fresh to brackish lagoon. 
Sample from deposits of former 
Lake Flevo (Netherlands, Noord- 
oostpolder J 104), 58-65 cm below 
surface. Finely laminated sediment, 
dominantly composed of silt 
(2-50 u). Most of the dark colour- 


ed particles are peat detritus. Tray 
sample, vertical section, scale 1 : 1. 


Fig. 3 — Tidal flat, strongly influ- 
enced by migration of gullies and 
channels. Sample from flats near 
Wilhelmshaven (German Wadden 
Sea). Alternation of mud and sand 
laminae. From Haentzschel (1936). 
Vertical section, scale 1 : 1. 


Fig. 6 — Brackish lagoon. Sample 
from sediments of former Zuider- 
zee (Netherlands, Noordoostpolder, 
N 14/15). Example of laminated 
material (mostly silt and clay) with- 
out burrowing structures. Undis- 
turbed laminations of this kind are 
less frequent in the Zuiderzee de- 
posits than structures which show 
at least a moderate influence of 
burrowing animals. Tray sample, 
vertical section, scale 1 : 1. 


Fig. 7 — Brackish lagoon. Sample 
from eastern part of Etang de 
Vaccares (Rhöne delta, St. 1338 A), 
8-15 cm below surface. Depth of 
Jagoon 134 metres. Sandy and silty 
clay with burrowing structures. In 
centre: shell of Cardium edule. 
Tray sample, vertical section, scale 
le:1. 


Fig. 10 — Degenerating distributary 
channel. Sample from deposits 
forming floor of small lagoon east 
of Port St. Louis (Rhöne delta, St. 
277), 98-105 cm below surface. Al- 
ternating laminae of clay, silt, fine 
sand and coarse sand, with a few 
burrowing structures and a few 
humified remains of plant rootlets 
(lower part of sample). One of the 
silt layers shows minor foreset la- 
minations due to river currents. 


Tray sample, vertical section, scale 
11. 


ei EEE, 


Fig. 8 — Brackish (to supersaline) 
lagoon. Sample from floor of small 
lagoon east ot Port. St. Louis 
(Rhöne delta, St. 1303 B), 0-713 
cm below surface. Sandy and silty 
clay, mostly of fluvial origin, co- 
vered by a thin layer of rock salt, 
due to temporary evapotation of 
lagoon water. The original lamina- 
tion, remnants of which are still 
visible, was probably formed in a 
degenerating distributary channel. 
The burrowing structures and the 
intermixing of the material with 
shells of brackish water molluscs, 
ostracods and foraminifera are the 


Fig. 11 — Delta platform. Sample 
from southwestern part of Golfe 
de Fos (Rhöne delta, St. 1201), 1-8 
cm below surface. Depth of water 
14 metre. Sandy and silty clay with 
burrowing structures. Tray sample, 
vertical section, scale 1 : 1. 


Fig. 9 — Degenerating distributary 
channel. Sample from remnant of 
Rhöne de Pegoulier (Rhöne delta, 
St. 1301), 23-30 cm below surface. 
Depth of channel: 134 metres. Al- 
ternation of fine clay, silt and sand 
laminae, with a few burrowing 
structures. Curving of laminae due 
to coring. Tray sample, vertical 
section, scale 1 : 1. 


result of the subsequent lagoonal 
conditions. Tray sample, vertical 
section, scale 1 : 1. 


Fig. 12 — Bay to open shelf (with 
active deposition). Sample from 
Golfe de Beauduc (Rhöne delta, St. 
325), 15-22 cm below surface. 
Depth of water 1013 metres. Silty 
clay with irregular layering due to 
influence of bottom fauna. Tray 
sample, vertical section, scale 1 : 1. 
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Fig. 13 — Proximal fluviomarine 
environment. Sample from old fore- 
set deposits, cropping out on sea 
floor southwest of Faraman light- 
house (Rhöne delta, St. 344), 12- 
19 cm below surface. Depth of wa- 
ter: 15 metres. Silty clay with par- 
allel laminations. No burrowing 
structures. Tray sample, vertical 
section, scale 1 : 1. 


Fig. 16 — Open shelf (with active 
deposition). Sample from sea floor, 
southwest of Port de Bouc (Rhöne 
delta, St. 1217) 20-27 cm below 
surface. Depth of water 27 metres. 
Silty clay with irregular layering 
due to influence of bottom fauna. 
Swarms of faecal pellets in upper 
left corner probably produced by 
Turritella communis. Tray sample, 
vertical section, scale 1 : 1. 
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Fig. 14 — Distal fluviomarine en- 
vironment. Sample from recent 
foreset deposits, formed in front 
of present mouth of Grand Rhöne 
(Rhöne delta, St. 365), 23-30 cm 
below surface. Depth of water 90 
metres. (Silty) clay with dark co- 
loured cross sections of structures 
made by horizontally burrowing 
worms. Tray sample, vertical sec- 
tion, scale 1:1. 


Fig. 17 — Open sbhelf (with active 
deposition) Sample from sea floor, 
southsouthwest of Beauduc_ light- 
house (Rhöne delta, St. 755), 18-25 
cm below surface. Depth of water 
50 meires. (Silty) clay with very 
irregular layers due to influence of 
bottom fauna. Tray sample, ver- 
tical section, scale 1 : 1. 


Fig. 15 — Distal fluviomarine en- 
vironment. Sample from recent 
foreset deposits formed in front of 
mouth of Grand Rhöne (Rhöne 
delta, B 101) at depth of circa 
22 metres below sea level. Silty 
clay with dark coloured cross sections 
of structures made by horizontally 
burrowing worms. Tray sample, 
vertical section, scale 1 : 1. 


Fig. 18 — Open shelf with little or 
no deposilion (and without rework- 
ing of bottom material by waves 
and currents). Sample from sea 
floor, southsouthwest of Espiguette 
lighthouse (Rhöne delta, St. 307). 
8-15 cm below surface. Depth of 
water 40 metres. Clayey sand with 
homogenized structure. Tray 
sample, vertical section, scale 1 : 1. 
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structures are also mentioned from other shelf 
areas, viz. from the “open shelf with recent 
delta influence” seaward from the pro-delta 
slope of the eastern Mississippi delta (Moore 
and Scruton), from the northern Paria-Trinidad 
shelf (Koldewijn) and from the western 
Guiana shelf (Nota). Mottled structures are 
furchermore found in recent deposits of the 
normal open shelf off the Rhöne delta. The 
mottling is in practically all cases due to bur- 
rows Or castings of invertebrate animals, which 
are filled with material of a slightly different 
composition from that of the surrounding 
matrix. 

The relatively pure offshore clays of the open 
shelf off the Rhöne delta show often swarms of 
minute, dark coloured faecal pellets, that are 
probably produced by the most abundant macro- 
invertebrate in this area, the gastropod Turri- 
tella communis. 

The strong effect of these animals on the 
sediment structures in the investigated shelf 
areas is, of course, the result of a rich fauna 
combined with a low rate of deposition and a 
lack of reworking of the bottom material by 
waves and currents. Since these same conditions 
are realized in most shelf areas of the world, it 
may be expected that shelf deposits in general 
are characterized by unlaminated, more or less 
distinctly mottled structures. 

The above observations apply especially to 
shelf areas where the inorganic part of the 
sediment is mainly supplied to the sea by rivers 
and where marine currents, carrying the sedi- 
mentary material suspended in the water, dis- 
tribute it over the various parts of the shelf 
bottom. Somewhat different circumstances are 
encountered in polar seas. Carsola (1954) found 
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that a part of the sediment on the shelf north of 
Alaska and northwestern Canada is transported 
to the place of deposition by ice rafting. The ice 
receives its sediment load along the shores, by 
coastal erosion, by grounding and by streams 
flowing out over it from the land. Some of the 
sediment laden ice is original river ice that has 
drifted to the sea. When the ice melts the rafted 
material sinks to the bottom, where it is deposit- 
ed together with mud that is supplied in the 
normal way by currents. The resulting sediment 
is poorly sorted and is sometimes called a marine 
tll. Away from the Mackenzie river mouths, 
in the western Beaufort Sea, where the supply of 
fluvial material is small, unlaminated structures 
seem to be the rule. The absence of laminations 
may not only be due to the lack of sorting 
during transporation of the sedimentary material, 
but also to the effect of benthos organisms which 
inhabit even these arctic waters. 


VIlI. BAY SEDIMENTS 

Several shallow marine areas exist which can 
not easily be classified in one of the above 
described environments. Most of them are com- 
paratively small and do not make part of the 
normal open sca, e.g. fjords, calas, rias, bays 
behind spits, etc. Although the environmental 
conditions vary strongly from one case to an- 
other, they are taken together in this section for 
the sake of convenience, since in most instances 
little or nothing is known about the structures 
of their bottom deposits. 

Bays behind spits. — An example is the 
Golfe de Fos on the eastern side of the Rhöne 
delta. The features observed in this bay may, 
of course, be very different from those in other 
bays. The sediments in the central parts of the 


Fig. 19 — Open sea beach. Sample from coast of Rhöne delta, circa 3 km east of mouth of Grand Rhöne 
(St. 294), 3-38 cm below surface. Top of core approximately 1 m above mean sea level. Sand with un- 
disturbed, thin, parallel Jaminations. Lacquer peel, vertical section, scale 1 : 2.5. 

Fig. 20 — Submarine barrier environment. Sample from coast of Rhöne delta, halfway between mouth 
of Grand Rhöne and spit de Beauduc (St. 351), 0-27 cm below surface. Depth of water: 114 metres. Sand 
with parallel laminations. Wet core, vertical section, scale 1 ; 1.9. 

Fig. 21 — Submarine barrier environment. Sample from Rhöne delta, east of northeastern extremity of Spit 
de la Gracieuse (St. 395), 3-30 cm below surface. Depth of water 7%, metres. Sand with parallel lamina- 
tions. Wet core, vertical section, scale 1 : 1.9. 

Fig. 22 — Submarine barrier environment. Sample from sea floor, northwest of Beauduc lighthouse (St. 
333), 1-28 cm below surface. Depth of water 13 metres. Sand with parallel lamirations. Lacquer peel, 
vertical section, scale 1 : 1.9. 

Fig. 23 — Proximal fluviomarine environment. Sample from old foreset deposits, cropping out on sea 


floor southwest of present mouth of Petit Rhöne (Rhöne delta, St. 317), 2-29 cm below surface. Depth of 
water 1015 metres. Alternation of undisturbed sand and clay laminae: the sand with minor cross lamina- 


tions. Lacquer peel, vertical section, scale 1 : 1.9. 


Sample from recent foreset deposits formed in front of pre- 


ie. 24 — Distal fluviomarine environment. 
Be } Alternation 


sent mouth of Grand Rhöne (St. 372), 6-33 cm below surfase. Depth of water 40 metres. 
of fine sand and silty clay. Lacquer peel, vertical section, scale ler 1:9. 
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Golfe de Fos are composed of silty clays which 
show laminations that are usually strongly dis- 
turbed owing to the abundant bottom fauna. 
Though the depths are small, viz. less than 15 m, 
no new laminations are formed by wave action, 
since this part of the bay lies below the local 
wave base. Wave-produced laminations do occur 
in shallower water along the shores. 

Fjords. — Some fjords have depths of up to 
1000 m or more, but many others belong mainly 
or completely to the neritic environment, with 
depths of less than approximately 200 'm. Few 
data are available concerning the structures of 
fjord deposits. In some Norwegian fjords well 
laminated sediments were found (Muenster 
Stroem, 1953). The laminations may be caused 
by (1) seasonal changes in the supply of 
material owing to variations in the production 
of planctonic life, (2) seasonal fluctuations in 
the supply of terrigenous sediment, e.g. glacial 
varves, (3) occasional, short lived turbidity 
currents. The fact that these structures are pre- 
served is mainly the result of the absence of a 
benthonic fauna, which can not live in the 
stagnant, anaerobic bottom water. 

Rias. — An example of a drowned river 
valley system which is not directly influenced 
by pleistocene or present day glaciations is the 
Chesapeake Bay in Maryland. This bay forms 
a typical estuarine environment (Pritchard, 
1952), in which, contrary to many other es- 
tuaries, tidal flats are of quite subordinate im- 
portance. The sediments were investigated by 
Ryan (1953). They are supplied by rivers 
flowing into the bay from the North and the 
West, by flood currents entering the bay from 
the South and by waves eroding the shores. The 
deposits are at many places comparatively 
homogeneous, but distinct laminations are also 
observed. The latter are caused by variations in 
the supply of material and by reworking of the 
sediment by currents (especially in the deeper 
parts) and waves (along the shores). 


IX. SUMMARY AND CONCLUSIONS 


Minor sedimentary structures (as visible in 
small, vertical sections of e.g. 2 x 3 inches) are 
described from a number of environments. The 
conclusions may be summarized as follows: 


1. Salt marshes (bordering tidal flats, lagoons 
etc.). 

Examples: Dutch, German and Danish 
Wadden Sea, Wash Bay, Dutch, British, French 
and Moroccan estuaries a.o. 

Lithology: Mostly clays and silty or 
sandy clays. 


Structures: Undulating, nodular la- 
minations which show usually considerable 
lateral continuity. Uneven character of laminae 
owing to deposition on plant covered surfaces. 
Laminae often graded as a result of decreasing 


“ competency of the currents during each stage of 


inundation of the marshes. Because of scarcity 
or absence of bottom fauna little or no distur- 
bance of laminations by burrowing. Occasional 
formation of mud cracks. Abundance of nor- 
mally very thin plant rootlets. 


2. High parts of tidal flats (largely undissect- 
ed by gullies; in tidal flat areas behind coastal 
barriers and in estuaries). 

Examplesı Scent1. 

Lithology: Mostly sands with very 
little clay. More clayey sands, locally even 
sandy clays, are often found close to the marsh 
edges. 

Structures: Few or no laminations, 
owing to abundance of burrowing animals in 
combination with relatively slow (but rather 
continuous) type of sedimentation. Mud cracks 
may be formed where the sediment is rich in 
clay, especially in warm climates. 


3. Low parts of tidal flats (banks of tidal 
channels, in tidal flat areas behind coastal bar- 
riers and in estuaries). 

Txamplesi er 

Lithology: Sands, 
sandy clays. 

Structures: Laminations, due to strong 
variations in competency of tidal currents, often 
of relatively small lateral continuity. The lami- 
nae show not unfrequently a relief and internal 
structure due to current or wave ripples. More 
irregular cross laminations due to local erosion 
are also found. Relatively few burrows, owing 
to high rates of deposition (during stages when 
deposition takes place). Some incomplete mud 
cracks occasionally present. Commonly shell and 
clay pebble beds, with imbricated structures. 


clayey sands and 


4. Tidal channels (in tidal flat areas behind 
barriers, in estuaries and in tidal lagoons). 

Examples: See 1; also Barataria Pass 
(Louisiana). 

Lithology: Mosty sands and clayey 
sands, locally also sandy clays; abundant shell 
and clay pebble beds. 

Structures: lLaminations owing to 
strong variations in competency of tidal currents. 
Laminae very often with relief and internal 
structures due to current ripples. Shell and clay 
pebble beds with imbricated structures. 


5. Low salinity lagoons (receiving consider- 
able quantities of fresh water from rivers). 

Examples: Jake Flevo (Netherlands, 
ca. 0-1600 A.D.), Northern extremity of San 
Antonio Bay (Texas). 

Lithology: Clayey or sandy silts and 
clays and sands with high silt contents. 

Structures: Usually very thinly lami- 
nated structures. Laminae even, or with relief 
and internal structures due to wave ripples, lo- 
cally also to current ripples. Influence of scarce 
bottom fauna on sediment minimized by fre- 
quent reworking of bottom material by waves. 


6. Normal brackish or salt water lagoons 

Examples: Zuiderzee (Netherlands) 
Rhöne delta lagoons, Barataria Bay, Texas bays. 

Lithology: Sands, clayey sands, sandy 
clays and clays with small or moderate contents 
of silt. 

Structures: Mostly few or no lami- 
nations owing to abundance of burrowing ani- 
mals, combined with relatively slow but con- 
tinuous type of sedimentation. Effect of waves 
often reduced by close cover of water plants 
on lagoon floor. In other cases better developed 
laminations. Formation of mud cracks in tem- 
porarily emerging parts of lagoon bottom. 


7. Hypersaline lagoons 

Example: Laguna Madre, Texas. 

Lithology: Sands, silty and clayey 
sands, sandy and silty clays, occasional inter- 
calations of evaporites. 

Structures: Laminations or stratifications 
with subordinate burrowing structures, locally 
penetrated by mud crack structures. 


8. Beaches 
 Examples: Netherlands, Rhöne delta, 
California and elsewhere. 
Lithology: Sands, 
shells and or pebbles. 
Structures: Mostly relatively thin, 
smooth laminae, each lamina being the result of 
the long continued activity of swash and back- 
wash. Occasional ripple laminations and other 
cross laminations or cross stratifications. Mostly 
only few burrows. In some cases structures of 
various kinds due to entrapment of air in the 
sand. 


occasionally with 


9. Submerged parts of coastal barriers 
Example: Rhöne delta. 
Lithology: Sands, on 

passing into clayey sands. 
Structures: Mostly parallel laminat- 
ions with some ripple structures and a few 


lower parts 
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burrows, the latter more frequent on the lower 
parts of the barriers. 


10. Sheltered parts of delta platforms (e.g. in 
interdistributary bays and bays on landward 
side of spits). 

Examples: Mississippi river delta, 
Rhöne delta (Southwestern part of Bay of Fos). 

Lithology: Clays, sandy clays and 
clayey sands with varying amounts of silt. 

Structures: In some cases well devel- 
oped laminations due to variations in supply of 
material by currents and to reworking of the 
material by waves; often with wave ripple 
structures. In other cases more or less complete 
disturbance of the laminations by burrowing 
animals. The degree of disturbance by burrows 
depends on the relative abundance of botton 
fauna, the rates of sedimentation, the influence 
of waves and the composition of the sediment. 


11. Upper parts of delta front slope (areas of 
deposition of proximal fluviomarine sediments) 

Examples: Deltas of Fraser, Mississippi, 
Orinoco and Rhöne tivers. 

Lithology: Sandy and silty clays. 

Structures: Well developed laminat- 
ions, due to variations in supply of sediment 
(e.g. river floods — stages of low discharge) 
and to differences in settling velocity of the 
various size grades; occasional current ripple 
structures probably due to (slow) turbidity 
currents and, on the uppermost parts, also some 
wave ripple structures (Rhöne delta). Possibly 
a few load casts. Hardly any vertical butrows, 
but in clayey laminae sometimes abundant 
horizontal burrows (Rhöne delta). 


12. Lower parts of delta front slope (areas of 
deposition of distal fluviomarine sediments). 
Exampleszsce 11. 
Lithology: Clays and siltry clays. 
Structures: Laminations vague or ab- 
sent, but abundance (in Rhöne delta) of mainly 
horizontal worm burrows. 


13. Normal open shelf in areas of “active” 
deposition. 

Examples: Western Guiana shelf, Paria 
Trinidad area, northern and northwestern Gulf 
of Mexico, shelf off Rhöne delta coast. 

Lithology: Mostly clays and 
clays. 

Structures: Laminations usually com- 
pletely or almost completely disturbed by bur- 
rowing organisms, in some cases leading to com- 
parative homogeneity of the sediment. Predo- 
minance of burrowing effect due to well 
developed bottom fauna and to relatively low 
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rate of deposition. Not unfrequently abundance 
of faecal pellets (Rhöne delta). 


14. Shelf areas with little deposition but with 
strong reworking of bottom material by 
waves and tidal currents. 

Examples: Southern North Sea Floor. 

Lithology: Mainly sands. 

Structures: Probably many laminat- 
ions and cross laminations owing to waves and 
currents, but locally with strong influence of 

burrowing animals. . 


15. Shelf areas with little or no deposition, 
without reworking of bottom material by 
wave- and (tidal) current actıon. 
Examples: Outer parts of Paria Trini- 

dad, Western Guiana and Rhöne delta shelves. 
Lithology: Older deposits of various 

compositions (clays, silts, sands, gravels etc.), 
mixed at surface with varying amounts of recent 
clay material and with skeletal remains of 
marine organisms. 

rowing organisms, in some cases leading to com- 
Structures (at surface): Mottled to ho- 

mogeneous. 


16. Fjords with stagnant bottom water 
Examples: Some Norwegian fjords. 
Eitholosy:., Clay Zand'siltv. clays, 

occasionally perhaps with ice rafted pebbles. 
Structures: Fine laminations owing to 

fluctuation in sediment supply and to differen- 
ces in settling velocity of the various size grades. 

No burrowing structures owing to absence of 

bottom fauna. 


It follows that the minor structures of the 
sediments deposited in the above environments 
are the result of the interaction of a large number 
of different factors: 

(A) Primary factors, which tend to produce 
various kinds of parallel laminations or cross 
laminations, e.g. variations in the composition of 
material supplied to the place of deposition, 
variations in competency of currents supplying 
the material, differences in settling velocity of 
the various size grades, reworking of bottom 
material by (currents and) waves, relief of the 
surface on which the sediment is deposited etc. 

(B) Secondary factors which tend to modify 
or to disturb these original structures or even 
prevent their initial formation. They may be 
distinguished into organic factors, e.g. bur- 
rowing of bottom animals in vertical and hori- 
zontal directions through the sediment, 
penetration of the sediment by plant rootlets, 
and inorganic factors like the formation 


of mud cracks, load casts and the modification 
of the structures by air heave, slumping etc. 
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SYMPOSIUM: SEDIMENTOLOGY OF RECENT AND OLD SEDIMENT 


PROPERTIES AND OCCURRENCE OF TURBIDITES 


E. TEN HAAF1 


ABSTRACT 


Turbidites can be recognized by structural features 
resulting from their peculiar mode of deposition. In- 
terstratified with pelites they compose important flysch 
and graywacke series, and occur in various other ma- 
rine environments. 


The definition of ”turbidite”, as a clastic rock 
deposited from a turbidity current, does no more 
than specify the agency of deposition. The 
designation is therefore analogous to terms like 
"aeolianite” or "tillite”. But unlike the latter 
instances, deposition from turbidity currents has 
only been observed in small-scale experiments: 
as to the properties of turbidites there is next 
tc no actualistic evidence. 

This is one reason why the occurrence of tur- 
bidites is, at present, a controversial subject. An 
other reason is that the interpretation of a given 
rock as a turbidite is not a disconnected academic 
question, but affects the image of the whole ge- 
ological environment. The intervention of down- 
slope flow below sea level implies deposition at 
a greater depth, and much farther from the 
source of clastic material, than could have oc- 
curred otherwise. Where this implication fits in 
well with a preconceived regional geology, even 
rocks with more or less unknown sedimentolo- 
gical features are readily acclaimed as turbidites. 
It has been thus in the Tertiary of the northern 
‚Apennines, where the turbidity currents hypothe- 
sis was first applied (Migliorini, 1943, 1949; 
Kuenen and Migliorini, 1950). Likewise, certain 
sand layers in the present oceans are considered 
as turbidites because no other known mechanism 
of sedimentation can account for their emplace- 
ment. 

But this pragmatic criterion must fail in many 
instances. A proper evaluation of the geological 
occurrence of turbidites — once their existence 
has been admitted — can only be made if the 
tocks themselves are recognizable as such: by 
peculiarities of structure, texture, and compo- 
sition. 


1 Geological Institute, University of Groningen. 


In spite of the lack of actualistic data, a num- 
ber of such characteristics has by now become 
known. Phenomena can be studied in those for- 
mations where regional considerations have led 
to the postulate of turbidity currents. On the 
other hand the mechanism of deposition from a 
turbidity current can be sufficiently inferred, from 
experiment and theory, to determine roughly a 
priori the attributes of a turbidite and thus to aid in 
discerning essential from accidental phenomena. 

(1) Deposition of a turbidite bed from an 
advancing, turbulent suspension results in a 
combination of vertical grading and poor sorting. 
The finer fractions are present all through, but 
the maximum grain size decreases upward. In 
this respect turbidites differ from other graded 
layers (tuffs, flood deposits) where sorting at 
each level is generaily better; and from other 
poorly sorted deposits (mud flows, moraines) 
that lack proper grading ?. Also, the carrying 
power of a turbidity current is apparently limited 
to particles smaller than 10 cm at most. 

Thus, a turbidite is composed typically of a 
mixture of variously-sized grains. The arenaceous 
components may be diverse mineral particles and 
rock fragments, quartz sand, or limestone de- 
tritus; the lutaceous matter ranges from clay to 
calcilutite. Accordingly, the lithology of turbidites 
can vary from grit or graywacke, through cal- 
careous sandstone, to marly or pure limestone. 

But grading is commonly far from perfect. If 
a certain grain size fraction predominates strong- 
ly, there is little scope for grading. Irregular or 
pulsating turbidity currents will result in re- 
peated grading and intrastratal erosion. The 
fine-grained top part of a bed may be lacking 
because it was either eroded away by a sub- 
sequent current, or never deposited at all due to 
a high rate of flow. And finally, a turbidity cur- 
rent must have flowed tranquilly for some 
distance, presumably several kilometres, before 


2 Passega (1957) claims that some turbidite series 
can be distinguished from other sediments by gran- 
ulometrical analysis alone. 
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it can develop or restore ihe internal differen- 
tiation — velocity, density, and competency 
decreasing backwards and upwards — that de- 
termines grading in its deposit. 


Therefore, grading may be indistinct or even 


imperceptible in many beds of a turbidite 
sequence, and not be apparent at all in a single 
outcrop. Cementation and recrystallization fur- 
ther tend to obliterate an original grading, 
especially in limestones; and metamorphism 
affecting the clayey constituents of gtaywackes 
can even result in an apparent inversion. 

(2) Turbidity currents are dense yet very 
mobile, with a viscosity little greater than that 
of clear water (Kuenen, 1951). They have thus 
a strong tendency to spread out as flat sheets; 
irregularities of the bottom will soon be smoothed 
over, because the currents avoid elevations and 
stagnate in hollows. Accordingly a turbidite 
sequence is characterized by a very regular, plan- 
parallel stratification, where individual layers 
extend far in proportion to their thickness and 
pinch out only gradually. Even in large outcrops 
ell but the thinnest turbidite beds usually appear 
continuous. Occasional disturbances, due to gul- 
lying or slumping, are generally leveled off by 
the first following turbidite layer. 

This regular stratification is a distinctive 
feature if it comprises coarsely clastic beds, which 
in other types of formation tend to be discordant 
and discontinuous. 

(3) Turbidity currents are incidental ca- 
tastrophes, separated by intervals of normal sed- 
imentation; no clear instances of diastems, 
except through erosion by the turbidity currents 
themselves, have so far been observed in a tur- 
bidite series. This means that turbidite formations, 
in the strict sense of being built up exclusively 
by turbidity currents, are unknown; the typical 
sequence is an alternation of turbidite layers with 
some kind of autochthonous sediment. Because 
turbidity currents must flow down and away 
from the source of clastics, the interlayers between 
turbidites are usually pelitic, and often akin to 
the fine fraction in the turbidites themselves. 
The tops of well-graded beds are then more or 
less vague. 

Interstratification is readily apparent in the 
common case of graywacke turbidites alternating 
with shale or marl; but in a limestone series it 
is only revealed on close inspection. 

(4) The velocity of a turbidity current deter- 
mınes various structures in its deposit. And, as 
each turbidite bed is the product of a single 
cufrent, all its structures have roughly the same 
orientation. The features themselves have not 
been reproduced in experiments where the ve- 
locity and duration of flow are necessarily scaled 


down; but a number of distinctive structures has 
gradually been recognized in the field. 


A turbidity current, arriving suddenly in a 
quiet environment, will tend to sweep away the 
watery surface layer of fine autochthonous sedi- 
ment. Relatively slow currents, that deposited 
silty material only, have not commonly left 
erosion marks on the mud floor: the soles of 
fine-grained turbidite beds are mostly flat, except 
for occasional casts of scratches or of animal 
tracks. But thick sandy beds deposited by large, 
fast currents usually reproduce, as casts, various 
anfractuosities due to a deeper erosion of the 
floor. The majority of these casts conforms to a 
few distinct types that seem to be characteristic 
of turbidites. Flute casts are ubiquitous; groove 
casts (often intersecting in two directions) quite 
common in deposits from other types of current. 
slide, and frondescent casts are less frequent but 
widely distributed. 


(5) Swarms of shale inclusions, consisting of 
the interlayer material, also testify to erosion but 
are not an exclusive feature. Orientation, with 
the longest axis parallel to the current direction, 
Gf these and other elongate inclusions is likewise 
common in deposits from other types of currents. 

Rather more specific is the rough alignment, 
in coarse graywacke turbidites, of elongate miner- 
al grains longer than 1 mm. 


(6) Current and current-ripple lamination are 
common in turbidites as well as in other current- 
laid sediments; but here they indicate deposition 
from a single continuous current of one direction. 
Foresetting and ripple-drift are all in the same 
sense, without criss-cross arrangements. Current- 
laminated parts usually form plane layers within 
the bed. In addition to transversal ripples of 
asymmetrical section, various other patterns 
occur, but no oscillation ripples. 

Ripple structures are restricted to silty or fine 
sandy levels: currents charged with coarser 
material were apparently too fast and deposited 
too quickly. 

(7) That deposition from turbidity currents is 
extremely rapid is well established by theory and 
experiment: the coarse main part at least of a 
bed must settle out within a few minutes. It can 
not therefore contain any autochthonous fossils, 
except of animals ihat burrowed into it after 
deposition; burrows are indeed common in some 
turbidites, but corresponding body fossils are 
extremely rare. 


As reworked fossils, foraminiferal tests may be 
mixed with sand of about the same size — and 
have caused, before recognition of their nature, 


not a few faulty age determinations. Finely 
shredded plant remains, often aligned, are com- 


mon in many turbidites while absent from their 
interlayers. 

A fossil breccia, or a few autochthonous 
animal remains buried in situ, are occasionally 
found at the base of a rurbidite bed. Mostly, the 
intervening pelites also contain very few fossils. 
The only traces of autochthonous life at all 
common are the casts, on turbidite soles, of 
antecedent tracks and burrows. This general 
scarcity of fossils may be due in part to the 
recurrent annihilation of the benthonic fauna 
by the turbidity currents themselves. 

(8) Rapid deposition also results in an initial 
looseness and hydroplasticity of the deposit, and 
a lack of compaction in the flooring sediment 
which it so suddenly covers. As a result there is 
much opportunity for penecontemporaneous 
shifting and deformation, appearing as load 
casting of the sole and convolution of the in- 
ternal lamination. 

Load casting occurs in some other sediments 
as well, and is not distinctive in itself, although 
certain patterns it forms in turbidites seem to be 
typical enough. Convolute lamination, con- 
tinuous and dying out towards the flat bedding 
planes, is presumably restricted to turbidites. 
Being very common in silty and fine sandy 
levels, it constitutes a useful criterion. 

(9) A turbidity current can only develop on a 
declivity; and farther on its direction is still 
determined by the general slope of the bottom 
over which it advances, although spreading of a 
thick current over a horizontal floor can probab- 
ly also carry fine material over some distance. 
But where a bottom slope is at all pronounced, 
it will impose a similar direction of flow upon 
successive currents — a phenomenon actually 
observed in most turbidite outcrops. A single 
dominant current trend can prevail through 
thick series and over wide areas, and thus reveal 
the regional slope as well as the direction from 
which sediment was supplied. 

Turbidites of medium sand grain, showing 
consistent current directions, were probably 
deposited at an average declivity of the order of 
1%. Thin-bedded, fine-grained complexes with 
variegated current directions may then represent 
more or less horizontal areas of deposition. On 
the other hand, some turbidite sequences are 
suggestive of resedimentation on a relatively 
sbort and steep slope: coarse beds grading down 
to sand grain only, with abrupt tops; inter- 
calation of coarse non-graded slide masses; less 
regular stratification, disturbed by nmumerous 
slumps. For such combinations and transitions 
between turbidites and slides, the designation 
”fluxoturbidites” has been proposed (Dzulynski 
e.a., in press). 
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(10) Slump folds and pull-aparts occur spo- 
radically in most turbidite series, but they are 
common in other sediments as well. Convolute 
lamination also is often considered — but 
wrongly, in the writer's opinion — as a direct 
effect of bottom slope. 

(11) Since a turbidity current can only start 
under water, and run down slope, the deposition 
of turbidites necessarily occurs at some depth. 
This means that they will not be found in paralic 
or litoral facies. Sizable and well-developed tur- 
bidites, that must have been carried down a slope 
of considerable extent, even exclude shallow- 
water features in general: none of the turbidite 
sequences observed so far has ever been found 
to display such phenomena as wave ripples, 
tidal scour and fill, autochthonous neritic fossils 
or plant remains, or to occur in association with 
such rocks as reefs or clean well-sorted sand- 
stones. Thus, turbidites are distinguished by a 
whole series of negative criteria which it will be 
unnecessary to detail. It should be kept in mind, 
however, that small-scale turbidity currents of a 
sort have been demonstrated to occur in lakes, 
and that fluxoturbidites might be common off 
delta fronts even in relatively shallow water. 

Table 1 gives a synopsis of the distinctive 
features of turbidites known at present. ? 

It will be obvious that no singie turbidite bed, 
cr even outcrop, can display all the properties 
enumerated. The turbidite character merely 
becomes more probable as the variety of recogniz- 
able features increases. But even if the validity 
of the criteria were wbholly undisputed, there 
would still remain dubious rocks that exhibit 
them in insufficient measure. 

Doubt is most likeiy to persist in the case of 
thin-bedded fine-grained deposits where the 
presumable turbidite intercalations are poorly 
graded, lack sole markings, and do not contrast 
much lithologically. But then the distinction is 
not very important either: a slow, dilute turbidity 
current carrying fine particles only does not 
differ greatly, in action nor in geological con- 
ditions, from any other sediment-laden current. 
Likewise, in the case mentioned of deposition on 
a steep slope close to a supply of coarse clastics, 
it is of little importance to the interpretation of 
the facies whether or not some of the layers are 
true turbidites. 

Rather are those formations of interest, where 
obvious turbidites alternate extensively with 
Jutaceous ”pelagic” interlayers. For such alter- 
nations the hypothesis — that they were laid 


For descriptions of specific phenomena, see a.o. 
Kuenen (1953a, 1957), Kopstein (1954), Crowell 
(1955), Ten Haaf (1956, 1959). 
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TABLE 1 — DISTINCTIVE PROPERTIES OF TURBIDITES. 


Determining factor 


Dynamics of turbidity flow 


Intermittent operation 


Current action 


Rapid deposition 


down at such a depth and distance from the 
source of detritus that well-formed turbidity 
currents could develop, while the normal sedi- 
mentation consisted only in a slow accumulation 
of mud — has become widely accepted, since 
the alternative interpretation as shallow-water 
deposits is very unsatisfactory in most cases. 
Series of this kind constitute an important part 
of what is embraced under the term ”Flysch”. 
Consequently, the relation between turbidites 
and the flysch environment is one of the main 
points at issue. 

Of turbidites, we possess a genetic concept but 
little factual knowledge about the occurrence. 
Flysch, on the contrary, is a well-known constit- 
uent of mountain ranges but lacks an accepted 
definition. None the less, the general charac- 
teristics of flysch — rapid synorogenic but pre- 
paroxysmal deposition of coarse and fine detritus 
in a thick marine series — seem to indicate the 
very circumstances that should favour resedi- 
mentation by turbidity currents: large amounts 
of loose clastics entering a basin with unstable 
and generally steepening slopes below sea level. 

But a pure turbidite series will probably not 
be formed unless a few other conditions are 
fulfilled: there must be a long, and therefore not 


Phenomenon 


(1) Graded bedding, combined 
with poor sorting 


(2) Conkinuous, parallel 
stratification 


(3) Interstratification with 
non-turbidites 


(4)- Oriented sole markings 


(5) Aligned inclusions 
Aligned grains 


(6) Unidirectional cross- and 
ripple lamination 


(7) Burrows and reworked 
fossils only 


(8) Hydroplastic load casting 
and convolution 


(9) Constant current trend Not without exceptions 
(10) Slump structures 


(11) Absence of shallow-water 
phenomena 


Unfavourable circumstances 


Preponderance of one grain 
size; incomplete and 
repeated grading 


Disturbances due to sliding etc. 


Lack of lithological contrast 


Mainly restricted to soles of 
medium grain size 


Common in other current-laid 
sediments 
In coarse beds only 


Also in other sediments 


All fossils generally scarce 


Load casting also in certain 
other sediments 


Also in other sediments 


too steep, slope away from an accumulation or 
an active supply of sandy material. Such a long 
gentle slope presupposes either a large basin or, 
in an elongate trough, longitudinal transport. 
Turbidity currents can not move coarse pebbles 
and boulders, while mud may be sedimented all 
over the basin without their intervention: the 
characteristic material of a turbidite series is 
sand. But a continued supply of preponderantly 
sandy detritus requires either pre-existent sandy 
sediments, or the weathering and denudation of 
a large area of hard rocks. 

All these conditions were apparently present 
in the northern Apennines during Oligocene and 
Miocene time. Deposition occurred in an 
elongate, migrating foredeep; large masses of 
sand were supplied at the northwestern extremity, 
down from which a tectonic axial pitch was 
maintained. The bordering anticlinoria, consisting 
of shaly and calcareous sediments, can not have 
contributed any sandy detritus: longitudinal re- 
sedimentation by turbidity currents reigned su- 
preme. Thus, the autochthonous flysch of the 
northern Apennines became a pure turbidite 
series of great thickness and extent (Ten Haaf, 
1959). 


By contrast, this explains to some extent why 


so much of the classical flysch of the central Alps 
does not have a turbidite character. Here, in- 
tensive thrusting and the early emergence of 
embryonic nappes resulted in disconnected flysch 
basins encroached upon by steep and active 
ridges. Crumbling and violent erosion of the 
latter produced not mainly sand, but great 
amounts of pebbles and blocks that slid down 
the steep orogenic slopes and came to rest among 
the pelites of the basins as conglomerate masses 
or chaotic "Wildflysch”. Turbidity currents of a 
sort have certainly played a part, but the steep, 
short and often-disturbed transversal slopes left 
little scope for the development of orderly tur- 
bidite sequences. Where the latter do occur, it 
is as local units (Kuenen and Carozzi, 1953; 
Crowell, 1955; Kuenen, 1958). 

The Carpathian flysch resembles that of the 
Apennines, in that it consists largely of several 
turbidite series resedimented longitudinally. But 
the picture is complicated, though to a much 
lesser extent than in the Alps, by ranges sepa- 
rating contemporaneous basins and by lateral ir- 
ruptions of coarse material (Ksiazkiewicz, 1956; 
Dzulynski e.a., in press). The measure in which 
turbidites compose the flysch of other mountain 
chains has not yet been investigated systemati- 
cally; but turbidite series have been reported 
from the Pyrenees, the Caucasus, New Zealand, 
and elsewhere. Longitudinal current trends — 
parallel to the principal tectonic strike — gen- 
cerally prevail. 

But, although turbidites naturally attain their 
greatest development in synorogenic basins, they 
are by no means limited to flysch formations. 
They probably occur widely in the present oceans 
(Ericson e.a., 1952). Any deep or subsiding 
basin with a sufficient ingress of clastics can be 
the recipient of vast turbidite deposits; a well- 
known example is the Pliocene Ventura Basin 
of California (Natland and Kuenen, 1951). And 
then there are the numerous Paleozoic graywacke- 
and-shale sequences. As yet oniy a few have been 
studied as to their sedimentary structures, but 
those of Wales in particular have already 
furnished classical examples of turbidites: the 
Cambrian of the Harlech Dome, Silurian of 
Aberystwyth, and Carboniferous of Pembroke 
(Kopstein, 1954, Kuenen, 1953b). An increasing 
proportion of graywackes in other parts of the 
world is being interpreted as turbidites (Kuenen 
and Sanders, 1956; Boucek and Pribyl, 1958; 
etc.). 


In addition to all these graywackes and cal- 
careous sandstones, a few occurrences of purely 
calcareous turbidites are known. Their sediment- 
ary features are exactly similar, though more 
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‚easily effaced by subsequent alterations. In the 


Apennines, a few instances have been found of 
regularly bedded alternations of graded calca- 
tenitic turbidites and compact ”pelagic” lime- 
stone (Kuenen and Ten Haaf, 1956). The lack 
of lithological contrast between the two compo- 
nents, and the consequent resemblance to a 
unitary bedded limestone, must hamper the re- 
cognition of such deposits that may, for all we 
know, be fairly common. 

Limestone turbidites also occur as incidental, 
conspicuous intercalations in otherwise non-calcar- 
eous formations: thus the "brecciole” of Tuscany 
(Kuenen and Migliorini, 1950), a few coarsely 
clastic beds in the Nappe de Morcles and Nappe 
de la Breche near Geneve (Carozzi, 1952; Kuenen 
and Carozzi, 1953) and the Teschen limestone 
(Valanginian) of the Polish Carpathians (Dzu- 
Iynski e.a., in press). Calcareous turbidites have 
also been found in the Recent deep sea off Ber- 
muda (Ericson e.a., 1952). 

All the cited instances of turbidites are mere- 
ly the obvious deposits from competent and 
far-flung currents. It is extremely likely that not 
only many similar occurrences, but also other, 
less pronounced types of turbidites still await 
recognition. After all, there are few aquatic 
environments imaginable where at least small 
and incidental turbidity currents could not oc- 
cur — as stepping on the border of any mud 
puddle will show. 

So perforce, this synopsis has mentioned few 
facts and rather more disputable inferences. In 
this, at least, it truly reflects our present state of 
knowledge about the properties and the occur- 
rence of turbidites: a state only to be remedied 
by the criticail awareness of field geologists. 
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SOME DATA ON TURBIDITES FROM THE ALPESTMARITIMES (FRANCE) 
A. H. BOUMA 


INTRODUCTION 


After we had made a general geological 
prospection of the region, a sedimentological 
detailed survey was started in some of the flysch 
localities of the Alpes Maritimes (S.E. France). 
The areas investigated are situated in the neigh- 
bourhood of Tournairet, Peira-Cava, Contes, 
Menton, Pienne, Sospel and between Ventimiglia 
and Tende (fig. 1). 

The flysch in this region consists of an alter- 
nation of sandstone and shale. Kuenen, Faure- 
Muret, Lanteaume and Fallot (1957) concluded 
that the deposits are the result of turbidity 
currents. The age of these deposits is Oligocene- 
Miocene, with the exception perhaps of those 
of the region between Ventimiglia and Tende, 
which as regards to age, according to Fallot and 
Lanteaume, do not belong to the other regions. 

All localities show the same characteristics 
with respect to the alternation in deposition and 
to their sedimentological structures. 

The views expressed by the former authors 
are fully confirmed in that the material has been 
transformed by N-NE curtrents. The decrease in 
grainsize, bank thickness and sand-clay ratio also 
agrees with this conclusion. 

The survey described here was made in the 
“Synclinale de Peira-Cava”, while check mea- 
surements were carried out in the other localities. 


SYNCLINALE DE PEIRA-CAVA’ 


This locality, having an area of 55 km? lies 
about 25 km N of Nice. The triangular region 
has a N-S axe of 11,5 km, the greatest width in 
the N being 9,5 km. 

Stratigraphically the “Calcaire Nummuliti- 
que” is overlying the Upper Cretaceous with a 
discordant contact. On top of this “Calcaire 
Nummulitique” lies a concordant series of 
“Marnes Priaboniennes” and “Gres de Peira- 
Cava”. The thickness of the latter sandstone 
series varies between 550 and 650 m. Good 
observations are only possible along the roads 
(especially between Col de l’Orme and la 


Cabanette) where erosion and vegetation had 
not much influence. The whole series is mono- 
tonous: the mineralogical composition hardly 
varies and the sands are cemented by lime. To 
the north there is an increase of the shale. 
Some statistic data of the flysch series between 
Col de !’Orme and la Cabanette (Synclinal de 
Peira-Cava, France) are given in table 1. 


TABIERST 

Total number of banks 1076 

Total thickness 584,36 m 

Number of slumps 15 

Number of bottom surfaces not visible 662 

Number of bottom surfaces exposed: 1076 

no sole markings visible 202 ( 
Number of bottom surfaces exposed: 
sole markings present 197 

Graded bedding in 60% of the banks 

Repeated graded bedding 5% en 

Convolute lamination 17 % 5 

Current ripple marks 80 % u. 

Horizontal lamination 35 % n 

Shale inclusions 10 % Er 

Marl inclusions 3% » 

Worm tracks 16 % " 

Plant remains 2% " 

Gully sections 5% " 

Flute-casts on 8% of the exposed bottom 
surfaces. 

Groove-casts on 10 % of the exposed bottom 
surfaces. 

Load-casts on 30 % of the exposed bottom 
surfaces 


Sole-markings occur mainly on the bottom sur- 
faces of the thick banks. Fortunately the bottom 
surfaces of the thicker banks are the best exposed. 


BANK THICKNESS CORRELATION 


Bank thickness correlation is possible over 
small distances, for instance in the outcrops in 
the curves of a road. We tried in vain, however, 
to make a correlation between two roads in the 
Peira-Cava basin. The best exposed profiles were 
found along the roads between Col de !’Orme — 
la Cabanette and Col St. Rock — la Cabanette. 
Fig. 3 shows that correlation over this short 
distance was not possible. 
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Probably the banks, though apparently paral- 
lel, are made up of flat lenticular layers with 
dimensions larger than those of an exposure, but 
smaller than the distance between these roads. 
The theory regarding turbidity currents assumes 
parallel banks of large dimensions. In this 
region, however, we have observed that actually 
the extent is not so vast. 


CORRELATION BETWEEN THE LOCALITIES 


In the S part of the Tournairet region the 
sand-clay ratio is higher than that in the Peira- 
Cava region on the same latitude, while the ratio 
at Pienne — which lies.more to the south — is 
much smaller. The Menton locality is very 


sandy, while at Ventimiglia the sand-clay ratio 
is nearly the same as that in the S part of the 
Peira-Cava locality. One of the points of the 
programme was to try to correlate the Flysch 
deposits from the above mentioned localities in 
order to solve the problem whether these regions 
are the rests of one larger basin (Kuenen, 
Faure-Muret, Lanteaume and Fallot) or whether 
they constitute more or less independent de- 
pressions in a large basin separated by sub- 
marine ridges (amongst which the N-S Jura 
ridges). 

The sand-clay ratio points to the second con- 
cept but neither concept be verified by a bank 
thickness correlation. 
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Fig. 2 
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TYPE OF DEPOSITION 


In the Alpes Maritimes a certain 
sequence of structures in the banks is 
apparant. 

The main sequential type contains 
from top (e) to bottom (a) the fol- 
lowing characteristic structures (fig. 
4): / 

(e) An unlaminated shale level 
which in most cases contains no or 
very little fine sand. Usually a certain 
schistosity is visible. 

(d) The material becomes more 
sandy and shows an ındistinct hori- 
zontal lamination, which becomes 
more visible due to an increase in 
sand content. 

(c) Gradually current ripple 
marks appear which are sometimes 
slightly convolute. The ripple marks 
have a max. height of 3 cm and 
show a very fine fore-set lamination. 
Convolute lamination always occurs 
at this level. 

(b) Toward the bottom this zone 
grades into one with horizontal lam- 
ination. This consists of an alter- 
nation of laminae a few millimeter 
thick of more or less clayey sand. 

(a) The bottom part of the bank 
consists of gravelly sand with a more 
or less distinct graded bedding. This 
grading can be completeiy absent in 
which case there is no decrease of the 
maximum and medium grain size in 
this part of the bank. 

The complete sequence is only pre- 
sent in thick banks. In the thinner 
banks only the characteristics of the 
upper part of the sequence occur. 


SEQUENCE IN THE DEPOSITION 


The entire formation is built up 
of a repetition of the above mentioned 
sequence or parts of this sequence 
(fig. 5). This basic type of sequence 
would be called a microsequence. 

A macrosequence in this formation 
would be a part included between two 
complete microsequences. The part 
between these complete microsequen- 
ces consists of a series of only par- 
tially developed microsequences. 

The micro- and macrosequences as 
mentioned here are positive ones in 
the sense of Lombard. 
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Fig. 5 — Section between Col de l’Orme and La Cabanette, Peira- Cava region (A.M.), France. The Er 
bank ‚right) contains the whole microsequence with a sharp contact between the lower lamination eve 
and the current ripple level. The distance between the bases of the two thick banks may be called ’macro- 


sequence’. 
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RECENT ANDEOLDTES EDIUMENDES 


SEDIMENTOLOGY OF RECENT AND OLD SEDIMENTS: A COMPARISON 


D. J. DOEGLAS! 


The knowledge of the sedimentology of re- 
cent marine sediments is increasing so rapidly, 
that one gets tempted to use this knowledge for 
the study of older sediments. This leads, however, 
in many cases to great disappointment. The 
causes of failure of comparing recent and old 
sediments are many (table I). 


section through a recent delta at the mouth of 
an active distributary. The three sections on the 
zero line to the right of the delta section show 
modifications possible within the upper 10 me- 
ters of a delta. The two short sections at a depth 
of about 13 meters indicate deposition on abra- 
sion surfaces which are formed after the river- 


TABLE 1 — DIFFERENCES IN THE SEDIMENTOLOGICAL STUDIES OF RECENT AND OLD 


SEDIMENTS. 
Recent sediments Old sediments 
Mainly thin surface layers over large areas. Mainly vertical sections, horizontal distribution 
restricted. 


Environmental studies in horizontal sense. 


Time correlation of deposits well known. 
One very large transgression, mainly caused by climate. 
Local regressions due to deposition. 


Mainly deltaic deposits, one negative sequence: (bot- 
tom) shale, sandy shale, alternations between sandy 
shale and sand, sand (top) up to 100 meters thickness. 
River channel and sandy tidal flat deposits give po- 
sitive sequences. 

Calcareous deposits rare. 

Properties of shallow neritic and coastal deposits 
better known. 

More or less rhythmic alternations of sand and clay in 
thick vertical sections unknown. 

Properties of deeper neritic deposits hardly studied. 


Facies variations in horizontal sense interrupted by 
size of outcrop. 

Time correlation of layers practically impossible. 
Many small trans- and regressions due to tectonic 
movements, climate, sedimentation and perhaps cosmic 
influences. 

Many rather thin sequences and alternations of sand- 
stone-shale, shale-marl, or marl-iimestone, more 
frequent in positive sequences (coarse-fine). 


Limestone frequent in certain times. 
Properties of turbidity currents well known. 


More or less rhythmic alternations of sandstone and 
shale layers common. 
Properties of deeper neritic deposits probably common. 


In figure 1 a trial has been made to show 
some lithologic sections of recent deposits with 
data on properties of bedding planes (left of 
column) and structures inside the layers (right 
of column). So many variations exist that the 
picture is very incomplete and generalizations 
had to be made. The general tendency of coastal 
sedimentation, however, is clear and can be 
compared in figure 2 with sections of some 
older deposits. 

The convential signature for sand has been 
changed in order to show variations in sand size 
and in silt content. 


1 Agricultural Univ., Wageningen, The Nether- 
lands. 


The left hand column of figure 1 shows a 
mouth has been abandonned. 

The delta front and the coastal lagoon sec- 
tions are again given on figure 2 for compari- 
son. Figure 2 also shows a section of the well 
known turbidity current deposits of Peira Cava 
in the south of France (A. H. Bouma, this sym- 
posium, page 223). 

The sequences are positive (from coatse to 
fine). The bedding plane features are entirely 
different from those in coastal environments and 
graded bedding is manifest in nearly all layers. 

The section of the Namurian, Upper Car- 
boniferous of Argenteau in Belgium shows eight 
negative sequences consisting of fine sandy shale 


DELTA FRONTS 


COASTAL LAGOONS TIDAL FLATS 


PA 


MEANDERING RIVERS 


+5 
a A o 
ey 

z ) 
0) ir, 
zuNAs- 
GV le 


-10 


Au 


| ss o3l 
ZN 


Jen 
Alm | 


NZZ 


229 


STRUCTURES STRUCTURES 
OF BEDDING IN LAYERS 
PLANES LITHOLOGY | 


0% CaCcOz 
1-5% e 
5.30% „ 
30-70% » 
95-100% „ 


FAMENNIAN, U. DEVONI/AN; 
LIMET, BELGIUM 


HR 


NK ww 


Ur 


| 


ar erosion surface 55 slump 
= parallel lamination 6  burrowings, mottled 
—- undulating surface * @) reworked, homogenized 
—n wavy lamination &  concretions 
= current ripplemarks A plantroots 
wur wave ripplemarks & fossils 
-30 — 2 ; 
=> channel fill & plant remains 
> wedging-out layers ©  corals 
"ur load casts T . 
interval of occurrence 
>> flute casts 2 1 
N groove casts um neat.cc=l 
SI convolute lamination araleı 
== graded bedding == Ba Es 
ne @| alternating laminae (<1cm),finer deposits dominate >> 2 SEN 
\ 7 3 EZ fine sand 
7 lg - = ‚coarser deposits dominate $ 
£ r E am silt 
m = layers (>1cm),finer deposits dominate f 
(8) © = ” A „  „coarser deposits dominate SH 
2 — oblique lamination 
80 — mega-ripples 
Riot 
__DELTA FRONTS COASTAL LAGOONS NAMURIAN; M. DEVONIAN 
m: ARGENTEAU, BELGIUM in 3rd sequence; 
EN ers REMOUCHAMPS , BELGIUM 
= SS 4 
oa I ce 
= —_ 15 
0 = m 
=. SG 6 
NA= 
u Ra o 
874 
oo 
NZZ 
o 


(9) © 


erosion surface 
parallel lamination 
undulating surface 


wavy lamination 


current ripplemarks 


wave ripplamarks 


channel fill 


=> 
= wedging-out layers 
vv load casts 
>> flute casts 
groove casts 
convolute lamination 


SI 


alternating laminae (<{cm),finer deposits dominats - 


„coarser deposits dominate 


DENADER--ooo>sox$ 


N 
N 
— graded bedding 
el 
IS 


layers (>1cm),finer deposits dominate 
‚coarser deposits dominate 


oblique lamination 
mega-ripples 


Eigw2 


slump 

burrowings, mottled 
reworked, homogenized 
concretions 
plantroots 

fossils 

plant remains 

corals 


interval of occurrence 
peat,coal 

gravel 

coarse sand 

medium sand 

fine sand 

silt 

clay 


TURBIDITES, OLIGOCENE; 
PEIRA CAVA, FRANCE 


230 

to medium sand. Sequence I starts at the bottom 
with a marine shale. The higher sequences begin 
at the bottom with brackish, silty shales. The 
sandy tops of the sequences have been deposited 


in very shallow water or on land as some con- 


tain root impressions. The thickness of the 
sequences varies from 1 to 8 meters. They are 
somewhat similar to certain types of coastal 
lagoons as shown to the left. The sudden trans- 
gressions should be caused by catastrophic rises 
of sealevel due to tectonic movement or climate. 

The profile of the Middle Devonian at Re- 
mouchamps in Belgium shows an entirely differ- 
ent pattern: alternations of sandstone, very 
sandy shale and sandy shale. A sandstone layer 
near the bottom of the section shows a slight 
grading. The bedding planes have no sole mar- 
kings as in turbidites. Wave ripple marks, 
undulating bedding planes, oblique lamination, 
channel fills and burrowings occur, partly indi- 
cating shallow water deposition. 

The section of the Famennian, Upper De- 
vonian of Limet in Belgium has more thin shaly 
interlayers and has near the bottom three slightly 
graded layers. At the top, however, a layer occurs 
that is graded from fine to coarse. 

The last two sections have nothing in common 
with the known recent coastal deposits and with 
turbidity current deposits. The type of alter- 
nation of sand and shale layers, however, is 
rather common in older formations. 

It, therefore, seemed useful to bring sedimen- 
tologists of recent and of old sediments, together 
and compare their methods of investigation and 
obtained results. In this way it might be possible 
to find methods of study of recent sediments 
which were more adaptable to the study of old 
ones. Or it might seem worth while to direct 
sedimentological studies more on older sediments 
and try to deduce their origin, formation and 
environment from studies of all properties of 
sedimentary formations. 

Prof. Lombard from Geneve will discuss se- 
quences in general and their occurrence in old 
formations. Prof. Ph. H. Kuenen treats the 


possible ways of transport of clastic particles and 
their origin. Dr. L. M. J. U. van Straaten deals 
with types and structures of sediments in var- 
ious recent environments. Dr. E. ten Haaf then 
shows the characteristics of turbidites and dis- 
cusses their origin, while Mr. A. H. Bouma 
sbows sequences in the oligocene Flysch of the 
south of France. 

The results of their discussions can be sum- 
marized as follows: 


1. Students of the sedimentology of recent 
sediments should try out their knowledge on 
older formations. 


2. Borings of recent and subrecent deposits 
with at least 30 meter penetration and collection 
of a continuous series of undisturbed samples 
should be the future tool for recent sedimento- 
logic studies. 


3. Field geologists should be kept up to date 
with the studies of sedimentation and recent 
sedimentary deposits. Short progress reports 
would be useful. 


4. Detailed sedimentological studies of old 
formations should be promoted. Similar data as 
obtained by studies of recent sediments should 
be collected for comparison. 


5. Methods of sedimentological studies of 
recent and old deposits should be standardized. 
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Grundzüge der Lithologie, Lehre von den Se- 
diment-gesteine, von L. B. RUCHIN. Übersetzt 
aus dem Russischen. In deutsche Sprache her- 
ausgeg. von A. Schüller. xiii + 806 S., mit 304 
Abb. Akademie-Verlag, Berlin 1958. Prijs geb. 
DM 56.—. 

Dit belangrijke russische werk over een deel van de 
algemene stratigrafie was hier reeds enigszins bekend 
geworden door de weinig handzame vertaling in ge- 
stencilde vorm, die enige jaren geleden in Frankrijk 
verscheen. De duitse vertaling, in normale boekvorm, 
zal er zeker toe bijdragen het werk verder ingang te 
doen vinden, iets wat men slechts kan toejuichen, ge- 
zien de armoede aan boeken in de literatuur op dit 
terrein in de klassieke moderne talen. 

Men kan het gebied, dat het boek bestrijkt, het beste 
omschrijven als een deel van de algemene stratigrafie, 
in het bijzonder dat deel van de algemene stratigrafie 
dat anorganisch georienteerd is. Het wordt hier aan- 
geduid met de term lithologie, een ruimer begrip dan 
petrografie. Het spreekt vanzelf, dat de algemene stra- 
tigrafie, als onderdeel van de stratigrafie, door vele 
banden met de algemene geologie is verbonden. Vaak 
ook is de scheiding niet scherp herkenbaar. Toch is dit 
boek duidelijk stratigrafisch van opzet. Het gaat uit 
van de oude sedimenten en spreekt eerst aan het slot 
over recente sedimenten. Een actualistische opzet zou 
tot een omgekeerde volgorde hebben geleid. 

De 28 hoofdstukken zijn zeer overzichtelijk in vijt 
groepen gerangschikt, die achtereenvolgens handelen 
over (1) sediment-gesteenten, (2) stadia en omstandig- 
heden van sedimentvorming, (3) facies en faciesana- 
lyse, (4) sedimentaire formaties, en (5) recente sedi- 
menten. 

Het eerste gedeelte is vooral beschrijvend; de ge- 
volgde indeling is eenvoudig en doelmatig. Over de 
verschillende principi&le mogelijkheden om sedimen- 
ten te klassificeren, breekt de schrijver zich het hoofd 
niet. Wel vindt men telkens paragrafen, gewijd aan de 
praktische toepassing van de betreffende sedimenten. 
Bij de verdere rangschikking binnen de groepen wordt 
veelvuldig van driehoeksdiagrammen gebruik gemaakt. 
Van de belangrijkste sedimenttypen worden tekenin- 
gen naar slijpplaatjes gegeven. 

Belangrijk is het tweede gedeelte, dat in vier hoofd- 
stukken eerst een overzicht geeft van verwering, 
transport, sedimentatie en diagenese (in het bijzonder 
lithogenese) en dan in een lang en goed hoofdstuk in- 
gaat op de voorwaarden, die het ontstaan van sedi- 
menten beheersen. De schrijver staat hier uitvoerig stil 
bij het verband tussen epirogenese en sedimentatie. 

Zwakker is m.i. het gedeelte over facies en facies- 
analyse, hetgeen zeker ten dele een gevolg is van de 
opzet van het hele werk, waarbij aan de organische 
bestanddelen van sedimenten slechts geringe aandacht 
wordt geschonken. Juist in dit deel doet zich deze 
overwegend anorganische orientering als een bezwaar 
voelen. 

Weer zeer belangrijk is het dan volgende gedeelte 
over sedimentaire formaties, waarbij men niet moet 
denken aan de vertikale indeling van sedimentaire op- 
eenvolgingen, maar aan het totale ruimtelijke beeld 
van sedimentaire ’lichamen’. Men komt hier dus op 
het terrein, waarvoor wel eens de term tektofacies is 
gebruikt. Dit gedeelte is uiteraard sterk genetisch ge- 
tint. 


RE BER ZENZIGEEEREN 


Tenslotte geeft het vijfde gedeelte cen overzicht van 
de recente sedimentatie. In zekere zin vormt dit deel 
een spiegelbeeld van het voorafgaande gedeelte, in zo- 
verre het tracht ook de recente sedimentatiegebieden 
en sedimenttypen onder tektofaciele gezichtspunten te 
beschouwen. Dit onderstreept nog weer eens de a- 
actualistische opzet van het werk. 

Het ligt voor de hand, dit boek met andere te ver- 
gelijken. In de eerste plaats treft dan wel dat het uit- 
voerig en degelijk is. Het laat zich niet als een roman 
lezen, hetgeen tegenwoordig hier en daar als een aan- 
beveling voor een leerboek wordt beschouwd. Prin- 
cipieel andere gezichtspunten brengt het boek niet. 
Wel vindt men er tal van onderwerpen uitvoerig be- 
handeld, die in de hier bekende leerboeken nauwelijks 
ter sprake komen, zoals b.v. de tektofacies. Een overi- 
gens goed boek als dat van Dunbar en Rodgers behan- 
delt dit belangrijke onderwerp slechts uiterst sum- 
mier. Het boek is in zijn gebruikte literatuur en aan- 
gehaalde voorbeelden natuurlijk nogal russisch ge- 
orienteerd, hetgeen zeker voor westeuropese lezers een 
prettige bijkomstigheid is. Aan de andere kant kan 
ınen ook weer niet ontkennen, dat sommige gedeelten 
zeker geprofiteerd zouden hebben van een intensiever 
gebruik van west-europese en amerikaanse literatuur. 

De vertaler en de uitgever hebben ons zeker een 
grote dienst bewezen door dit boek voor een grote ca- 
tegorie lezers te openen, als leerboek, maar ook als 
blik op de stand van zaken in een bepaald deel van de 
geologische wetenschap in de Sovjet-Unie. 

Ne Br: 


Steinsalze und Kalisalz, von Fr. LOTZE. Zweite, 
neubearb. Aufl. 1. Teil (Allgemein-geologischer 
Teil). xii 4 466 S. mit 37 Tab. und 226 
Textabb. Gebrüder Borntraeger, Berlin-Nikolas- 
see 1957. Prijs geb. DM 58.80. 

In menig opzicht zijn zoutafzettingen bijzonder 
boeiende gesteenten. Zout is niet alleen een onmis- 
baar bestanddeel van onze voeding, en daarmee ver- 
moedelijk met water een van de oudste delfstoffen, 
die de mens gewonnen heeft, maar het is bovendien 
tegenwoordig als grondstof in de chemische industrie 
een zeer belangrijke delfstof. Zoutafzettingen vormen 
een merkwaardig grensgeval tussen sedimentaire en 
kristallijine gesteenten, terwijl de afwijkende eigen- 
schappen er van in vergelijking met normale sedimen- 
ten zoutafzettingen een bijzonder tektonisch interesse 
verlenen, dat nog een apart accent verkrijgt door de 
combinatie van olievoorkomens met zoutafzettingen. 
Bedenkt men dan voorts nog dat zoutafzettingen de 
stratigraaf waardevolle paleoklimatologische aankno- 
pingspunten verschaffen, dan is het nauwelijks te be- 
grijpen, waarom de literatuur over zoutafzettingen zo 
veel schaarser is dan b.v. die over aardolie of kolen. 
Men kan dus dankbaar zijn dat van Lotzes reeds voor 
de oorlog verschenen boek over de geologie van steen- 
zout en kalizouten nu een sterk uitgebreide tweede 
druk verschijnt. Het eerste deel behandelt de alge- 
mene aspecten van deze zouten, het tweede deel, dat 
nog moet verschijnen, zal de regionale geologische be- 
schrijving bevatten. 

Na hetgeen hierboven reeds werd opgemerkt, zal 
het duidelijk zijn, dat dit eerste deel de lezer in aan- 
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raking brengt met een aantal zeer uiteenlopende ge- 
bieden van de geologie, zo zelfs, dat men er zich over 
verbaast, dat &en auteur in staat is daarvan een zo uit- 
stekende, evenwichtige behandeling te geven. 

De schrijver gaat in de eerste plaats uitvoerig in op 
de genese van zoutafzettingen, zowel recente als fos- 
sie!e. Aan de hand van de fysisch-chemische condities, 
die de afscheiding van zouten uit oplossingen beheer- 
sen en rekening houdend met de schier talloze omstan- 
digheden waaronder in de natuur zoutoplossingen 
voorkomen, wordt een systematisch opgebouwd over- 
zicht gegeven van de verschillende typen van zoutaf- 
zettingen. Daarna worden de grote stratigrafische een- 
heden nader op hun zoutvoorkomens beschouwd. De- 
ze beschouwing wordt op logische wijze afgesloten 
met een bespreking van de algemene factoren, die bij 
fossiele zoutafzettingen in het spel zijn, zoals de volg- 
orde van afscheiding, type van gelaagdheid, faciele 
omstandigheden, klimaat, temperatuur, etc. 

Het overige gedeelte van het boek, iets minder dan 
de helft, is gewijd aan enkele bijzondere onderwerpen, 
waarvan de tektoniek van zoutafzettingen het belang- 
rijkste is. In vergelijking met de eerste druk bespeurt 
men in dit gedeelte duidelijk de invloed van het in 
twee decennia zeer verdiepte inzicht in het mecha- 
nisme van de zouttektoniek. Ook aan de experimen- 
tele bijdragen op dit gebied wordt behoorlijk aandacht 
besteed, al blijfft de hand van de veldgeoloog onmis- 
kenbaar. Aansluitend bij dit tektonische deel volgt 
dan een afzonderlijk hoofdstuk over het verband tus- 
sen zout en aardolie. 

Het is onvermijdelijk dat dit eerste deel telkens 
vooruitloopt op de regionale behandeling in het twee- 
de deel, waarnaar men dan ook verlangend uitziet. 

NER. 


Microfacies de la region prerifaine et de Moy- 
enne Moulouya (Maroc septentrional), part M. 
REY et G. NoUFT. 41 p., 97 pl. (International 
sedimentary petrographical series, vol. III.) E. 
J. Brill, Leiden 1958. Prijs geb. f 47.50. 

Vroeger is hier reeds de aandacht gevestigd op Cu- 
villiers Correlations stratigraphiques par microfacies en 
Aguitaine occidentale, dat verscheen ter gelegenheid 
van het derde internationale petroleumcongres. Het is 
later herdrukt als eerste nummer van de "International 
sedimentary petrographical series’. Men mocht dus ho- 
pen dat ons op de duur meer soortgelijke platenatlas- 
sen van sedimenten in slijpplaatjes in dezelfde hoge 
standaard te wachten zouden staan. Wij zijn daarin 
niet teleurgesteld en het is een genoegen hier het der- 
de deeltje in deze reeks aan te kondigen. Het hand- 
haaft het niveau van zijn voorgangers en bouwt ook 
weer voort op de uitstekende franse traditie, die te- 
ruggaat op het werk van L. Cayeux. 

Evenals de vroeger verschenen deeltjes, bevat ook 
dit deeltje een keuze uit het zeer omvangrijke mate- 
riaal, dat de samenstellers ter beschikking stond, en 
dat dit maal ontleend is aan de collecties van de So- 
ciet€e Cherifienne des Petroles. Het werk brengt een 
kleine 200 goed gereproduceerde microfoto’s van 
slijpplaatjes. De afgebeelde sedimenten, bijna zonder 
uitzondering fossielhoudende kalkstenen, omvatten 
stratigrafisch een traject van de Lias tot in het Mio- 
ceen. Het materiaal vertoont daardoor niet slechts 
paleontologisch, maar ook petrografisch een zeer ge- 
varieerd beeld. Men is telkens opnieuw verrast door de 
onvoorstelbare rijkdom aan variatie, die het microsco- 
pische beeld van kalkstenen vertoont. De korte stra- 
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tigrafische inleiding, die aan de platen vooraf gaat, 


: doet daar eigenlijk niet helemaal recht aan. Door een 


iets uitvoeriger toelichting zouden de deeltjes — er 
werd reeds vroeger op gewezen, en het geldt ook hier 
-— nog aan waarde winnen, vooral voor gebruikers, 
die wel in het sedimentbeeld geinteresseerd zijn, maar 
die geen speciale kennis van de regionale geologie be- 
zitten. Intussen lijdt het geen twijfel, dat deze reeks er 
in hoge mate toe bijdraagt om ook bij stratigrafisch 
werk de bestudering van slijpplaatjes als een onmisbaar 


deel van het onderzoek te gaan beschouwen. 
AB 


Recent marine sediments. A symposium edited 
by Parker D. Trask. Reprinted by permission 
of the American Association of Petroleum Ge- 
ologists, with the addition of a review of ad- 
vances in the field of study of recent marine 
sediments since 1939. Ivi + 736 pp., illus. 
Reprinted by the Society of Economic Pale- 
ontologistse and Mineralogists, Special publi- 
cation no. 4. 

Hoewel het belang van de studie van recente sedi- 
menten reeds voor de oorlog werd ingezien, was het 
geen intensief beoefende studie. Evenmin was de be- 
langstelling er voor bijzonder groot. Het getuigt ze- 
ker van een vooruitziende blik, dat de American As- 
sociation of Petroleum Geologists het toen reeds de 
moeite waard achtte een bundel opstellen over recente 
marine sedimenten te laten verschijnen. De oplaag was 
echter gering en het boek was dan ook reeds geruime 
tijd niet meer verkrijgbaar. Het voortreffelijke gehalte 
van de bijdragen wordt misschien niet beter gede- 
monstreerd dan door het feit, dat het boek thans nog 
voor een fotografische, dus ongewijzigde, herdruk in 
aanmerking kwam. De enige toevoeging is een over- 
zicht, door Trask, van sinds 1939 verricht onderzoek. 
De uitvoerige bibliografie, die hier op volgt, maakt 
het de lezer betrekkelijk gemakkelijk zich over nieuw 
werk te orienteren. 

Afgezien van deze toevoeging geeft het boek dus 
de stand van zaken van vöör de tweede wereldoorlog 
weer. Sindsdien is de studie van recente sedimenten 
veel intensiever beoefend, met het gevolg dat ons in- 
zicht in verschillende richtingen aanzienlijk is ver- 
diept (wadafzettingen, troebelingsstromen, delta’s). De 
hernieuwde kennismaking toont echter overtuigend 
aan, dat het boek ook in deze ongewijzigde vorm nog 
altijd een uitstekend uitgangspunt vormt. Men kan er 
zich dus slechts over verheugen, dat het thans weer 
verkrijgbaar is. 


Allgemeine Meereskunde. Eine Einführung in 
die Ozeanographie, von G. DIETRICH, mit Bei- 
tragen von K. Kalle. viii + 492 S. mit 223 
Textabb., 23 Taf. und 63 Tab. Gebrüder Born- 
traeger, Berlin-Nikolassee 1957. Prijs geb. 
DM 50.—. 

De oceanografie is een merkwaardige wetenschap. 
Men zou zich zelfs af kunnen vragen of de oceanogra- 
fie, met zijn wortels in vrijwel alle takken van de na- 
tuurwetenschap, wel een zelfstandige wetenschap_ is. 
Hoewel dit boek in strikte zin dan ook allerminst een 
geologisch werk kan worden genoemd, verdient het de 
volle aandacht van geologen, juist omdat het veelzij- 
dige karakter van de oceanografie er zo goed in is 
weerspiegeld en de geoloog zo nauw betrokken is bij 
alles wat zich in zee afspeelt, dat hij wellicht enigszins 


tot zijn verbazing zal moeten vaststellen zelf bijna 
steeds op een of andere wijze bij haast al die uiteen- 
lopende aspecten van de oceanografie belang te hebben. 

In tien hoofdstukken is de schrijver er in geslaagd 
de hoofdzaken van de moderne oceanografie in al zijn 
veelzijdigheid te belichten. Het eerste hoofdstuk over 
de geomorfologie van de zeebodem is al direct sterk 
geologisch getint. Het hoofdstuk over de fysische en 
chemische eigenschappen van zeewater vormt een on- 
misbaar hoofdstuk om iets te begrijpen van wat zich 
vroeger in zee afspeelde, waarvan wij de resultaten in 
oude sedimenten overgeleverd krijgen. Het zelfde geldt 
voor de hoofdstukken over de warmtehuishouding van 
de zee en over de verdeling van temperatuur, zout- 
gehalte e.d. Van bijzonder belang is ook het hoofd- 
stuk over de stofhuishouding van de zee. Organische 
factoren spelen hierbij een grote rol en dit hoofdstuk 
heeft daardoor ook bijzondere betekenis voor de ken- 
nis van het leven in zee, een onderdeel van de ocean- 
cgrafie dat overigens in dit boek misschien enigszins 
is verwaarloosd. Op geheel andere wijze komt de ge- 
oloog weer met de oceanografie in contact in het ge- 
deelte over zeestromen en golven. 

Het laatste hoofdstuk bevat in kort bestek de hoofd- 
zaken van de regionale oceanografie. 

Bij de intensieve beoefening, die de oceanografie 
tegenwoordig geniet, moet het zeker geen gemakke- 
li;jke taak zijn geweest een enigszins afgeronde samen- 
vatting te leveren. Het boek verschaft een voor geolo- 
gen zeer welkome ori@ntering; een uitvoerige litera- 
tuurlijst wijst de weg naar dieper gaande geschriften 
over bepaalde onderdelen. 

Br. 


Geologie de l’Uranium, part M. ROUBAULT. 
462 p., 205 fig, 9 tabl. 2 pl. in kleuren. 
Masson & Cie, Paris 1958. Prijs ing. 6000 fr. 

Geen wonder dat er tegenwoordig werken verschij- 
nen over de geologie van uranium en het is zeer toe 
te juichen, dat een van de beste experts op dit gebied 
de tegenwoordige kennis heeft samengevat in een zeer 
aantrekkelijk boek. 

In het eerste deel worden de uraniummineralen be- 
schreven, gevolgd door een overzicht van de prospec- 
tiemethoden. Het tweede deel geeft een korte beschrij- 
ving van de voorkomens in de wereld, en beslaat on- 
geveer twee derde van de gehele omvang. 

In een korte samenvatting aan het einde worden de 
reserves aan uranium en thorium besproken, en ten- 
slotte wordt in een annex nog speciale aandacht aan 
thorium gewijd. 

Het boek geeft een voortreffelijke samenvattting van 
onze tegenwoordige kennis, het is niet polemisch ge- 
steld en lijdt niet zoals vele van dergelijke werken 
over ertsvoorkomens aan het euvel dat de geconsul- 
teerde literatuur in kaart en profiel bijna zonder uit- 
zondering zo schematisch is. 

De beste en meest gedetailleerde gegevens komen 
wit Canada en N.-Amerika en in dit boek natuurlijk 
ook uit Frankrijk. Het geeft in het eerste deel aan- 
wijzigingen omtrent het gebruik van geiger-tellers en 
scintillometers en beschrijft de verdere ontwikkeling 
van de prospectie, nadat de eerste aanwijzigingen ver- 
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Geologia applicata alla ingegneria, para A. 
Des1o, 2e ed. 1058 p. 412 fig., U. Huepli, 
Milaan 1959. Prijs L. 8500. 

De tweede druk van dit werk, de eerste verscheen 
in 1949, is aanmerkelijk uitgebreid. De indeling is in 
vijf afdelingen. 

I, Exploratie naar de diepte is niet veel anders dan 
een algemeen geologische inleiding, waar de geofysi- 
sche exploratie, en die door boringen een bijzondere 
behandeling verkrijgen. 

II, Toegepaste hydrogeologie, waarin eerst het wa- 
ter aan de oppervlakte en dan het ondergrondse water 
behandeld wordt. 

III, Toegepaste geomorfologie, waarin de exogene 
krachten worden besproken. 

IV, Geologie voor de civiel-ingenieur, bouwmateri- 
aien en dergelijke en tenslotte 

V, Geologie van erts-, kool- en olievoorkomens. 

Het minst geslaagd is ongetwijfeld het vijfde deel, 
en het is ook niet verwonderlijk dat een schrijver zijn 
voorkeur in dit zeer grote terrein verraadt door het 
ene onderdeel beter te kennen dan een ander. Het 
vierde deel, geologie in betrekking tot constructies, is 
het langste (245 p.) en het beste, vooral omdat hier 
allerlei problemen ter sprake komen, die elders weinig 
tot hun recht komen. Vooral de hoofdstukken, die be- 
trekking hebben op de aanleg van wegen, vliegvelden, 
spoorwegen, kanalen, tunnels, dammen en zelfs be- 
graafplaatsen, zijn instructief, Wat kanalen en dam- 
men aangaat, moet men wel bedenken dat de neder- 
landse ervaring vanzelfsprekend niet tot zijn recht 
kcmt, het gaat hier om constructies in her gebergte 
voor waterreservoirs. 


&ı & 


Geologisches Kartenlesen und Profilzeichnen, 
von O. \WAGENBRETH. 188 S. mit 189 Bildern 
und 3 Farbtaf. B. G. Teubner Verlagsgesell- 
schaft, Leipzig 1958. (Importeur: Meulenhoff 
& Co. N.V., Amsterdam). Prijs geb. f 18.55. 

Dit uit Oost-Duitsland stammende boekje heeft een 
zeer sterk locaal karakter. Alle voorbeelden komen 
uit dät gedeelte van Duitsland en het geeft zich bij- 
zondere moeite de lezer in te leiden tot begrip van de 
plaatselijke geologische kaarten. Als zodanig is het 
zeer zeker geslaagd. Met kleine blokdiagrammetjes 
wordt duidelijk gemaakt hoe een bepaalde structuur 
zich in het horizontale vlak zal voordoen. 

Eigenlijk wordt het onderwerp "Profilzeichnen”, al- 
thans de techniek ervan, nauwelijks behandeld, en 
worden profielen alleen gebruikt om het kaartbeeld 
te verduidelijken. 

Bijzonder instructieve voorbeelden worden gegeven 
van de veranderlijke interpretatie van het geologische 
structuurbeeld op de kaart en in het profiel. 

Twee profielen over hetzelfde trace, waarvan een 
de structuur opvat als een ingeplooid dekblad en de 
andere als van onderen opgeplooid (fig. 117), zijn 
zeer leerzaam. De auteur geeft ook talrijke voorbeel- 
den hoe men een profielschets wel en niet moet teke- 
nen, welke schematisering juist en welke fout is. Voor 
practica in kaartlezen en schets-profiel-tekenen een 


zeer bruikbare handleiding. es 


GEOLOGISCH EN MIINBOUWKUNDIG NIEUWS 


PRIJS LUCIEN DENOEL — Oud-leerlingen van 
Prof. Lucien Denoel, die lange tijd de mijnbouwkunde 
aan de Universiteit van Luik doceerde, hebben als blijk 
van erkentelijkheid de prijs ‘Lucien Denoel’ gesticht. 
Hij wordt toegekend, zonder onderscheid van diploma 
of van nationaliteit, aan de auteur van een werk over 
de mijnbouwkunde, de luchtverversing, het gebruik 
van springstoffen, of over de mechanische.verwerking 
van kolen. Het werk moet blijk geven van een weten- 
schappelijke geest, moet minstens voor een aanzienlijk 
deel oorspronkelijk zijn en mag niet het voorwerp 
uitgemaakt hebben van vroegere publikaties. 

De prijs bedraagt 60.000 BF. Hij werd voor de 
eerste maal toegekend in 1957 aan de Dipl. Berg- 
ingenieur P. Schulz, van de Steinkohlenbergbauverein, 
voor zijn werk ’Die Gasabgabe der Kohle beim Ab- 
bau’. (Revue Universelle des Mines, fevrier 1959). 

De tekst moet gesteld zijn in de franse, nederlandse, 
duitse of engelse taal en mag hoogstens 10.000 woor- 
den bedragen, figuren inbegrepen. Hij moet in drie 
exemplaren worden toegezonden aan de Jury van de 
Prijs Lucien Denoel, A.l.Lg., 22, rue Forgeur te Luik 
(Belgie) voor 1 juli 1960. 


De Jury behoudt zich het recht voor het bekroonde 
werk in een belgisch tijdschrift te publiceren. 


CATALOGUS VAN SHELL-FILMS — De Shell 
Filmcentrale, die sedert 1 september 1958 optreedt 
als uitleen- en vertoningsdienst van de in Nederland 
gevestigde maatschappijen van de Koninklijke/Shell 
Groep, heeft thans voor het eerst een gecombineerde 
catalogus doen verschijnen, waarin de voor uitlening 
en vertoning beschikbare films zijn op opgenomen. 
Sinds 1935, toen de film ’Airport’ als eerste Shell- 
film werd vertoond, zijn meer dan 100 films door of 
in opdracht van de Koninklijke/Sheli Groep vervaar- 
digd. Een deel van de films heeft betrekking op ver- 
schillende aspecten van het aardoliebedrijf (opsporing 
en winning van aardolie, verwerking en transport, toe- 
passing van aardolieprodukten) terwijl een ander deel 
betrekking heeft op landen en volkeren, die om een 
ot andere reden in de aardolie-industrie een bijzondere 
plaats innemen. Exemplaren van de catalogus, aan- 
vraagformulieren en verdere inlichtingen over uitle- 
ning en vertoning van de films zijn verkrijgbaar bij 
de Shell Filmcentraie, Postbus 162, 's-Gravenhage. 


GEOLOGISCHE BIBLIOGRAFIE VAN NEDERLAND 


Onderstaande lijst is een aanvulling en een vervolg van de li i 

staaı Is: g van de lijst afgedrukt in het decembernummer van 1958 
van dit tijdschrift (pp. 452-454). Eventuele aanvullingen (niet ouder dan 1956) gelieve men te zenden aan de 
Bibliotheek van de Geologische Dienst, Spaarne 17, Haarlem. 


1958 (AANVULLINGEN) 


Beltman, J. H. — Geo-hydrologie en waterhuishou- 
ding. Water, Jrg. 42, no. 24. 

Beltman, J. H., J. C. van Dam en A. Volker — Geo- 
fysische opsporingsmethoden in het werkterrein 
van de Civiel-ingenieur. Geologie en Mijn- 
bouw, Jrg. 20, no. 11, pp. 394405. 


Bout, G. —- Zuidelijke zwerfstenen bij Amersfoort. 
Grondboor en Hamer. Nw. Reeks, no. 8, pp. 
184—186. 


Collette, B. J. — Structural sketch of the North Sea. 
Geologie en Mijnbouw, Jrg. 20, no. 11, pp. 
366—371. 

Engel, H. — Echinocyamus pusillus (O.F. Müller). 
Meded. Geol. St. Nieuwe Serie, no. 11 (1957). 

Füchtbauer, Hans — Die petrographische Unterschei- 
dung der Zechsteindolomite im Emsland durch 
ihren Säurerückstand. Erdöl und Kohle, Jrg. 
11, Hft. 10, pp. 689—693. 

Hofker, J. — Foraminifera from the Cretaceous of 
Limburg, Netherlands. XXXVII. The gliding 
change in Bolivinoides during time. Natuur- 
hist. Maandblad, Jrg. 47, pp. 145—159. 

Kaiser, Karlheinz — Wirkungen des pleistozänen Bo- 
denfrostes in den Sedimenten der Niederrheini- 
schen Bucht. Eiszeitalter und Gegenwart, Bd. 9, 
pp. 110—129. 

Krul, H. — Steenkolenprofiel in het Winterwijks Mu- 
seum. Boortoren en Schachtwiel, Jrg. 3, no. 11, 
pp: 269—272. 

Kruytzer, E. M., en M. Meyer — On the occurrence 
of Crania Brattenburgica (V. Schlotheim 1820) 
in the region of Maastricht (Netherlands). Na- 
tuurhist. Maandblad, Jrg. 47, pp. 135—141. 

Manten, A. A. — Palynology of the miocene brown- 
coal mined at Haanrade (oktober 1958). Me- 
ded. van het Botanisch Museum en Herbarium 
van de Rijksuniversiteit te Utrecht, no. 147, 
pp. 445—488. 

Pierart, P. — Palynologie en stratigrafie van de Nee- 
roeteren-groep (Boven-Westfalien C) in de 
Belgische Kempen. Publication Ass. Etud. Pa- 
leont. Brussel, no. 30, pp. 11-—103. 

Spaink, G. — De Nederlandse Eemlagen. 1. Algemeen 
overzicht; Wetens. Meded. Kon. Ned. Natuur- 
hist. Ver. no. 29. 

Volker, A. — De Waterhuishouding in Nederland. De 
Ingenieur, Jrg. 71, no. 1, pp. A. 2—A. 10. 

Voorthuysen, J. H. van — Les foraminiferes mio-plio- 
cenes et quaternaires du Kruisschans; Inst. R. 
Sciences Nat. Belgique, mem. 142. 

Voorthuysen, J. H. van — Foraminiferen aus dem 
Eemien (Riss-Würm-Interglazial) in der 
Bohrung Amersfoort I (Locus typicus). Meded. 
van de Geol. St. Nieuwe Serie no. 11 (1917). 

Vries, Hl. de — Radiocarbon dates for upper Eem and 


Würm-interstadial samples. Eiszeitalter und Ge- 
genwart. Bd. 9, pp. 10—17. 
Woldstedt, P. — Die Gliederung des niederrheinisch- 


niederländischen Pleistozäns.. Das Eiszeitalter, 
2e Bd., pp. 56—72. 
1959) 
Burck, P. du — Over de opbouw en de vorming van 


het Laagterras en de oudere holocene afzettin- 
gen in de Kop van Noord-Holland. Boor en 
Spade, DI. X, pp. 58—73. 

Faber, F. J. — De Winterswijkse Muschelkalk. Geolo- 
gie en Mijnbouw, Nieuwe Serie, Jrg. 21, 
no. 1, pp. 25—31. 

Felder, W. M., en J. Meessen — Karstverschijnselen 
op een storing in het Maastrichts-Krijt. Grond- 
boor en Hamer, Nieuwe Reeks, no. 9 en 10, 
pp. 214—219. 

Hellinga, W. T., en G. D. v. d. Heide — Gesteente- 
telling uit een scheepswrak. Grondboor en Ha- 
mer, Nieuwe Reeks, no. 9 en 10, pp. 225—230. 

Hooijer, D. A. — Records of Nothosaurians from the 
Muschelkalk of Winterswijk, Netherland. Geo- 
logie en Mijnbouw, Nieuwe Serie, no. 2, pp. 
37—39. 

Heuveln, B. van — Ouderdomsbepalingen van humus 
in een humuspodzol onder veen volgens de 14- 
C-methode. Boor en Spade, DI. X, pp. 27—37. 


Heuveln, B. van — Potklei en gumbotil. Boor en Spa- 
de, DL. X, pp. 105—115. 
Knaap, W. van der — Geschiedenis van de sedimen- 


tatie van de Oude Zeeklei in het gebied ten 
noorden van Nootdorp. Boor en Spade, DL. X, 


pp. 81—86. 

Koenderink, A. G. — Fossiel hout. Grondboor en 
Hamer, Nieuwe Reeks, no. 9 en 10, pp. 230— 
233: 

Loose, H. — Dicerorhinus hemitoechus in Nederland. 
Geologie en Mijnbouw, Jrg. 21, no. A, pp. 123. 

Pons, L. J. — Fossiele bodemprofielen in het dekzand 


in de tunnelput van Velsen. Boor en Spade, 
DI. X, pp. 170-209. 

Ridder, N. A. de — De kwartaire en jongtertiaire 
tektoniek van Midden-Limburg en zuidooste- 
lijik Noord-Brabant. Geologie en Mijnbouw, 
Nieuwe Serie, Jrg. 21, no. 1, pp. 1—24. 


Schuddebeurs, A. P. — Pyriet van Drachten. Grond- 
boor en Hamer, Nieuwe Reeks, no. 9 en 10, 
pp. 220—224. 


Valken, K. F. — De waterhuishouding in Nederland. 
Tijdsch. Ned. Heide Mij. Jrg. 70, no. 1, pp. 
13—20. 

Wiggers, A. J., en L. J. Pons — De holocene wor- 
dingsgeschiedenis van Noordholland en het 
Zuiderzeegebied. Tijdschr. Kon. Ned. Aardr. 
Gen. Tweede Reeks, DI. LXXVI, no. 2, pp. 
104—152. 


GEIEINF 070 TISCH HAT DESSEN 


Nieuwe leden: 


ABEELE, geol. drs. D. van den — Geoloog b.d. N.V. 
N.A.M., Oldenzaal, Prins Bernhardstraat 2. 


(b) (ek). | 
BERKHUYZEN, R. A. R. — Delft, Ketelstraat 22. 
(bg) (M.V.D.). 
BOERMA, H. R. — Delft, Julianalaan 2. (bg) 
(M.V.D.) 


STAM, Dr. J. ©. — Toronto, Canada, c/o Hunting 
Petroleum and Exploration Services Ltd., 1450 
O’Connor Drive. (8). 


Nieuwe adressen: 


AS, Dipl. Ing. W. C. A. van — Gouda, van Bergen 
IJzendoornpark 6 (m). 

BAKKER, m.i. Ir. W. Th. — Karachi, West Pakistan, 
c/o Pakistan Shell Oil Cy Ltd. P.O. Box 5011. 
(b) (gk). 

BATJES, Dr. D. A. J. -— Point Fortin, Trinidad, 
B.W.I., c/o Shell Trinidad Ltd. (g). 

BELLEN, Dr. R. C. van -— Research Palaeontologist, 
London W.l, c/o Iraq Pettroleum Cy, 214 
Oxfordstreet. (g). 

BERGSTEIN, A. J. H. — Kerkrade, Poststraat 19. (m). 

BRUEREN, Dr. J. W. R. — Buenos Aires, Argentina, 
c/ Shell Production Cy, Ave Pres. Rogue Saenz 
Pena 788. (g). 

COLETTE, Dr. B. J. — Utrecht, Rooseveltlaan 262. 
(8) (ek). 

CREUTZBERG, D. — 't Harde, Officiershotel. (g 

CROLLA, m.i. Ir. H. E. — Ingenieur b.d. Bl. 
N.V., Heemstede, Dr. Cuyperslaan 17. 
(M.V.D.). 

ENGELBERTS, geol. drs. F. G. — Buenos Aires, Ar- 
gentina, Casilla de Correo 5396. (g). 

GEOL. INSTITUUT DER VRIJE UNIVERSITEIT, 
Amsterdam-Z., De Lairessestraat 142. (g). 
GEWALD, H. — Leiden, Roodenburgerstraat 5. (bg) 

(REN 

GRAADT VAN ROGGEN, geol. drs. J. E. — Chunya, 
Southern Highland Province, Tanganyika, c/o 
Western Rift Expl. Cy Ltd., P.O. Box 35. (g). 

TAUGEGEMERWE Amsterdam-C, p/a Nienwe 
Prinsengracht 130. (be) (G.V.A.). 

HEYBROEK, Dr. P. — ’s-Gravenhage, Zijdelaan 26. 


PM 


) 
(bg) 


(8). 

HOOPE, m.i. Ir. L. H. ten — Stein, L., Sanderbout- 
laan 69. (bg) (M.V.D.). 

HUYSSE, geol. drss. W. R. — 's-Gravenhage, Ruych- 
rocklaan 88. (g). 

JANSSEN, geol. ds. F. L. — Wairoa, New Zealand 
3 Blackstreet. (g) (gk). 

KIEFT, Dr. C. — Dakar, Rep. de Senegal, c/o Bureau 
Minier F.O.M., B.P. 268. (8). 

KISCH, H. J. — Amsterdam-Z., Stadhonderskade 105 
hs. (bg) G.V.A.). 

KSTOMPEEm N IE Eee We Senar Brunei, Brits Bor- 


’ 


CONTRIBUTIES 1959 
Vele leden hebben bij het betalen van hun contributie geen rekening gehouden met de verhoging 
die op 1.1.1959 is ingegaan. Zij worden verzocht het tekort bij te storten. De juiste bedragen zijn 
te vinden in het novembernummer 1958 van dit tijdschrift. 


De penningmeester 


neo, c/o Brunei Shell Petr. Cy Ltd. (m). 

KOPSTEIN, Dr. E. P. H. W. — ’s-Gravenhage, Ju- 
liana van Stolberglaan 170 (tijdelijk adres) (g). 

MAASKANT, Dr. A. — Sacramento, Californie, c/o 
Shell Oil Cy, 1912 Eye Street. (Bedankt voor 
gk). (8): 

MAASKANT, P. — Leiden, Kaiserstraat 38. (kg) 
(GSV 

MEYER, geol. drs. H. C. G. L. — Washington 25, 
D.C., c/o U.S. Geological Surveu, Branch of 
Foreign Geology, 2411 G.S.A. Building. (8). 

NED. GEOLOGISCHE VERENIGING, Secretariaat: 
J. Roding, Twents Nat. Hist. Museum, Tromp- 
laan, Enschede. (g). 

OEN, Dr. Ing. Soen — Geoloog b.d. Grönlands Ge- 
ologiske Undersögelse, Corr. adres: Amsterdam- 
Z, Prinses Marijkestraat 10. (g). 

OSINGA, M . G. H. -— Delft, Binnenwatersloot 3N. 
(be) M.V.D.). 

PIKET, drs. phys. geogr. J. J. C. — Docent R.K. Uni- 
versiteit, Nijmegen, Neptunusstraat 41. (g), 
(ek). 

SADEE, w.i. Ir. C. P. M. — Son, N.Br., Handels en 
Ingenieursbureau Fulgar. Postbus 1. (m). 

SIEBELINK, P. C. — Utrecht, Goedestraat 5. (bg). 

SLUYK, geol. drs. D. — Voorburg, Uhlenbeckstraat 
10. (8). 

STERRENBURG, m.i. Ir. G. A. C. — Hoek van Hol- 
land, Caepwoning, p/a P. Beekenkamp. (m) 
(BR). 

STRIK, Th. G. J. — Delft, Rotterdamseweg 5 (bg) 
(M.V.D.). 

TAN, geol. drs. TER HONG, — Trondheim, Noor- 
wegen, Petter Lies Voj 8. (bg) (L.G.V.). 
TICHLER, geoi. dts. W. ©. — Ede, Arthur van Schen- 

dellaan 6. (g). 

VOLLEBREGT, w.i. Ir. T. M. C. M. —- Bedtijfsing. 
Bovengronds b.d. S.M. Maurits, Geleen, Seip- 
genstraat 54. (m) (K). 

VUURST DE VRIES, m.i. Ir. J. J. van der — Rijs- 
wijk, Z.H. Julianastraat 57. \m). 

WAEGENINGH, H. G. van — De Bilt, Utrechtseweg 
294. (bg) (U.G.V.). 

WALTER, geol. drs. F. — Leidschendam, Beethoven- 
laan 34. (g). 

WINKLER PRINS, C. F. — Aerdenhout, Langelaan R. 
(bg) (L.G.V.). 

WOLF, geol. drs. J. R. — Paramaribo, Suriname, c/o 
Suralco (g) (mutatie van bg naar g). 

Mutaties: 

BROUWER, geol. drs. G. C. — van bg naar g. 

ES, geol. drs. E. van — van g naar b. 

IJPMA, geol. drs. P. J. M. — van bg naar g. 


Adressen gevraagd: 

BECKERING VINCKERS, m.i. Ir. H. — (b) 
Bedankt per 1-1-1959; 

BOER, Dr. J. C. den — (g) (gk). 
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S\ 
COMMISSARIAAT VOOR SURINAAMSE ZAKEN. 
Ten behoeve van de Geologisch Mijnbouwkundige Dienst in Suriname wordt gevraagd: 
EEN PETROGRAAF (mijningenieur of geoloog). 
Uitzending: in tijdelijke dienst met een dienstverband van drie of vijf jaren; 
Bezoldiging: Sur. ert. f 6720, — tot Sf 11.040,— ’s jaars (periodieke verhogingen van Sf 360,— ’s jaars). 
Inpassing in de salarisschaal geschiedt naar gelang van de opgedane ervaring; 
Kortverbandtoelage: 10 % van de gedurende de werkzaamstelling in Suriname te verdienen bezoldiging, uit 
te betalen na afloop van het dienstverband; 
Uitrustingskosten: voor gehuwden 1/4 gedeelte van de toe te kennen jaarbezoldiging met een maximum 
van Sf 2500,—. Voor ongehuwden 1/6 gedeelte van die bezoldiging; 
Overtocht: voor landsrekening, c.q. ook voor het wettig gezin, van Nederland naar Suriname en, nä afloop 
van het dienstverband van Suriname naar Nederland. 
Sollicitaties in duplo (een exemplaar op luchtpostpapier), vermeldende volledige opleiding en levensloop, alsmede een opgave van 
referenties, binnen 14 dagen na het verschijnen van deze advertentie te zenden aan het Commissariaat voor Surinaamse Zaken, 
Alexander Gogelweg 2, Den Haag. 
) 


COMMISSARIAAT VOOR SURINAAMSE ZAKEN. 
Ten behoeve van de Geologisch Mijnbouwkundige Dienst in Suriname wordt gevraagd: 


EEN SCHEIKUNDIGE (scheikundig-ingenieur, dr. of drs. in de Chemie), 


gespecialiseerd in de analytische chemie voornamelijk anorganische. Voorkeur genieten zij die ervaring 
hebben in onderzoek van ertsen en gesteenten, alsmede kennis van spectrografie, röntgendiffractie en 
röntgenspectrografie, differentiaal thermaal analyse e.a. moderne onderzoek-methoden als polarigrafie chro- 
matografie en geochemische onderzoekmethoden. 


Uitzending: in tijdelijke dienst met een dienstverband van drie of vijf jaren; 

Bezoldiging: Sur. crt. f 6720,— tot Sf 11.040,— ’s jaars (periodieke verhogingen van Sf 360,— ’s jaars). 
Inpassing in de salarisschaal geschiedt naar gelang van de opgedane ervaring; 

Kortverbandtoelage: 10 % van de gedurende de werkzaamstelling in Suriname te verdienen bezoldiging; 

Uitrustingskosten: voor gehuwden 1/4 gedeelte van de toe te kennen jaarbezoldiging met een maximum van 
Sf 2500,—. Voor ongehuwden 1/6 gedeelte van die bezoldiging; 

Overtocht: voor landsrekening, c.q. ook voor het wettig gezin, van Nederland naar Suriname en, nä afloop 
van het dienstverband van Suriname naar Nederland. 


Sollicitaties in duplo (&&n exemplaar op luchtpostpapier), vermeldende volledige opleiding en levensloop, alsmede een opgave van 
referenties, binnen 14 dagen na het verschijnen van deze advertentie te zenden aan het Commissariaat voor Surinaamse Zaken, 


Alexander Gogelweg 2, Den Haag. 


BET 


GEWEVEN GAAS 


van de grofste tot de fijnste maaswijdtes; 
uit alle weefbare metalen en legeringen 


Ook uit kunststoffen als: 
nylon, polyethylene enz. 


N.V. METAALDRAADWEVERI) 
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No. 75278 ten name van: 
Baker Oil Tools, Inc., te Los Angeles (Californie), 
Ver. St. v. Amerika betreffende: 


„Werkwijze en inrichting voor het vervaardigen 
van centreerinrichtingen voor boorpijpen in 
boorputten en aldus vervaardigde 
centreerinrichting” 
wordt ter overneming of licentieverlening 
aangeboden. 

Inlichtingen verstrekt: 


Octrooibureau Vriesendorp & Gaade, 
Dr. Kuyperstraat 6, ’s-Gravenhage 
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HET NEDERLANDS OCTROOI 


No. 75273 ten name van: 
Baker Oil Tools, Inc., te Los Angeles (Californie), 
Ver. St. v. Amerika betreffende: 


„Centreerinrichting voor een boorbuis” 


wordt ter overneming of licentieverlening 
aangeboden. 


Inlichtingen verstrekt: 


Octrooibureau Vriesendorp & Gaade, 
Dr. Kuyperstraat 6, ’s-Gravenhage 
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Vertegenwoordiger: 
W. v. d. Kamp 
Regentesselaan 187 
Den Haag — Holland 
Telefoon 070 - 399208 


N.V. Staalconstructie en montagebouw 


DENV 
„ 
staalconstructies ni nn 


pijpleidingen GELERN 
de- en montagewerken tel. 04490-3646 


ontwerpbureau 


betonneerkokerringen voor salerijen 
stalen bekistingen voor splitsingen 


houttransportwagens 
wissels en sporen 
kabelwagens 


formelen 


VOSSEN HAANRADE 


spoorstraat 30 - telefoon 04444 - 541 
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HET NEDERLANDS OCTROOI 

No. 82 731 ten name van: Adverfteren in 
Jesse Elmer Hall, Sr., te Weatherford (Texas) 
Ver. St. v. Amerika, betreffende: 


GEOLOGIE en MIJNBOUW 


„Werkwijze voor het ten behoeve van het 
cementeren in conditie brengen van een put” 


befekent: 
wordt ter overneming of licentieverlening 
aangeboden. 
Inlichtingen verstrekt: ALLE belanghebbenden 
Octrooibureau Vriesendorp & Gaade, eu - 
j in eens bereiken 
Dr. Kuyperstraat 6, ’s-Gravenhage 
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Elektrische gelykstr: 
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A.G. EISENHUTTE PRINZ RUDOLPH - DÜLMEN / WESTF. 
MASCHINENFABRIK APPARATEBAU EISENGIESSEREI . TELEFON 777 
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INENEUELOSUNG FÜR 
CHWIERIGSTE SIEBPROBLEME 
HÖCHSTE SPEZIFISCHE SIEBLEISTUNG 

ABSOLUT VERSTOPFUNGSFREI 


BETRIEBSSICHER 
GERAUSCHARM 


moummmnee.  M N.V. VEREENIGDE-TOUWFÄBRIEKEN: 


HOHE WIRTSCHAFTLICHKEIT 
AMSTERDAM 


VICTOR HALSTRICK KG.. HERNE 
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GOSTO MIJNBOOW 
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N.V. WERF GUSTO v/h FIRMA A. F. SMULDERS 


SCHIEDAM 


TELEFOON ROTTERDAM 
69030 (4 L) 69420 (4 L) 


GELEEN 


TELEFOON 3345-3346 


SERVICEBEDRIJF VOOR 
DE MIJNEN 


SKIPVERVOER 
BOVENGRONDSE- 
KOLENVERWERKING 
WASSERUEN,SYSTEMEN STAMICARBON 
O.A. STAATSMIJNEN CYCLOON- EN 
DRIJFWASPROCEDE’S 
MECHANISCHE KOOLWINNING 


O.A. SCHRAPER- EN SCHAAFINSTAL- 
LATIES 


TRANSPORTINRICHTINGEN 


MULTISCHAAFINSTALLATIE 


Leveranties in: 
Nederland, Belgie, Frankrijk en Engeland 


A FORDERMASCHINEN 
FORDERHÄSPEL 


Schälschrapperwinden 
Kohlenhobelwinden 
Kabelwinden 
Friktionskabelwinden 
Wickelhäspel 

Rangierwinden 

Spann- u. Stromkabe'winden 
Sicherheitswinden 


Schlepperhäspel 


ER 


Förderseilscheiben 


Förderwagenforschieber 


KEMA-Normhaspel mit Treibscheibe 

1500 mm@, Antrieb durch 2 Kurz- 
schlussläufer-motoren je 42 kW. Diese 
können auch durch Pressluftmotoren 

je 50 PS ersetzt werden 


Köln-Ehrenfelder Maschinenbau-Anstalt G.m.b.H. - Köln (Duitsland) KEMA 
-M Vert.: N.V. INGENIEURSBUREAU FERRUM - DAUTZENBERGSTR. 51 - HEERLEN - TEL. 4388 


mımlocomotieven % luchtcompRESSORS 


Naamloze W. Aa. HOEK’s nn 
Vennootschap MACHINE- EN ZUURSTOFFABRIEK SCHI 


Heeft U al een 


verzamelband 


voor Uitgevoerd in grijs natuurlinnen, geschikt voor 
12 afleveringen, voorzien van rug- en plattitel. 


Een bijzondere mechaniek maakt het mogelijk de 


losse nummers zelf in de band te bevestigen. 


Prijs: fl. 3.75 per stuk 


(excl. verzendkosten) 


Bestellingen aan: Administratie „GEOLOGIE EN MUNBOUW” .— Hofwijckstraat 9 - Den Haag 
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breukpüjlers en op 
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Niet alleen bij het terugwinnen van waardevol materiaal 


in breukpijlers en op roofposten hebbe 
de DUSTERLOH-rooflieren bewezen dat ze buitengewoon ec 


: S onomisch zijn, maar ook door het fe 
at zij op vele andere plaatsen gebruikt kunnen worden als montagelier, 
bovengronds of als hulplier bij het monteren of omleggen van kettingtransp 
zii gebruikt. De voordelen: 


als rangeerlier onder- « 
orteurs. Bij duizenden zi 
sterke en eenvoudige constructie, gemakkelijk te bedienen, bedrijfszeke 
betrouwbaar, tijd- en energie-besparend. De aandrijving kan zowel door perslucht als do 
gebeuren. 4 Typen, voor 3000, 4000, 6000 en 10000 kg trekkracht. 


adviezen van ingenieurs worden U Op aanvrage gaarne verstrekt. 


FTDUÜSTERLOH-BOCHUM 


or electricite 
Uitvoerige prospectussen | 
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EN MOLEN DIE NIET DRAAIT... 


De Amerikaanse Allis-Chalmers fabriek heeft een geheel nieuw type maal- 
molen ontwikkeld. Deze molen maakt geen draaiende, maar uitsluitend een 


trillende beweging. 


De diameter van de ‚„vibrating mill” be- 
draagt nog geen 40 cm. 


En de capakciteit? 


15 tot 30 maal zo groot als die van 
een „ouderwetse” draaiende molen, 
afhankelijk van het te vermalen 
produkt en de gewenste fijnheid. 
Met sommige produkten haalt u 
een capaciteit van een ton per uur. 


de ALLIS-CHALMERS 


TRILMOLEN 


wordt reeds toegepast voor het ver- 
malen var 


aluinaarde 
asbest 
barium 
cokes 
cementklinker 
ertsen 
kalksteen 
magnasiet 
magnatiet 
mica 
kleurstoffen 
silicazand 
urea 

enz. 


De maalinstallatie kan compleet geleverd wor- 
den met aanvoerbunker, voeder, molen, eleva- 
tor, ventilator, stofvanger, cirkelzeef en onder- 
steuningsframe. De installatie is geheel stof- 
dicht uitgevoerd. 


Ruimte nodig voor opstelling: 12 m?. 


Inlichtingen - Verkoop - Service: 


LINDETEVES 1 JACOBERG 


afdeling Mijnbouw 


postbus 5014 
telefoon 020-793222 
AMSTERDAM-Z. 


DRILL BITS- 


The wide range of Craelius Bits gives the 
possibility of selecting the most suitable type 
and quality for any particular drilling problem 


DRUKKER & Zn. N.V. 


RINGDIJK 2 — AMSTERDAM - PHONE 50369 - 53068 


DIAMONDS 


nn nn 
ALLE CORRESPONDENTIE BETREFFENDE ADVERTENTIES, ABONNEMENTEN E.D. 
AAN: „GEOLOGIE EN MIINBOUW” HOFWIJCKSTR. 9, DEN HAAG, TEL. 111875 


